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FOREWORD

The effectiveness of this Institute’s integration of burn
patient care and research is once again confirmed by this annual
volume of research reports. In addition to conducting clinical and
laboratory research, the Institute responds to emergencies, both
civilian and militaryv, both foreign and domestic, to provide
on—-site care and effect mortality-free aeromedical transfer of
severely burned patients. During Fiscal Year 1989, the "real
world" benefits of this clinical/laboratory symbiosis have been
specifically documented.

On 20 March 1989, a helicopter carrying participants in
Operation Team Spirit ’89 crashed in South Korea. Nineteen marines
were killed outright and 13 sustained burns. Within 24 hours, the
Institute dispatched a burn disaster response team consisting of
two surgeons, two surgical residents, two nurses, six 91C clinical
specialists, and two respiratory therapy technicians. To fulfill
the Institute’s teaching mission, two military residents were
included in the team. Upon arrival in Korea, the team evaluated
the patients, effected necessary modifications in therapy, and
prepared the patients for aeromedical transfer to San Antonio. The
number and type of mission personnel were predicated upon the need
to form two burn treatment teams to provide care in each of the two
C-141 aircraft needed for the return flight, because 10 of the 13
patients required mechanical ventilation. In—flight monitoring and
management ensured the stability and safety of the 13 patients, who
were admitted to the burn center on their third postburn day. All
13 patients, having an average burn size of 27% of the total body
surface area and, in 10, associated inhalation injury, survived.
Seven were returned to active duty.

Less than three months later, early on the morning of 4 June
1989, at a remote rural site west of the Ural Mountains in
Bashkiria, USSR, an explosion of leaking natural gas destroyed two
passing trains, killing 308 passengers and burning more than 805.
The medical facilities at Ufa, Russia, to which many of the burn
patients were transferred, were rapidly overwhelmed. Recognition
of the disparity between health care needs and clinical resources
prompted the Russian government, on 8 June 1989, to accept
President Bush’s offer to provide medical assistance in the form of
a disaster burn care team from this Institute. 1In less than 24
hours, a 17-member team of surgeons, nurses, respiratory
therapists, a microbiologist, and a microbiology technician were
dispatched. That team was joined en route by three translators and
two administrative officers. Seven tons of equipment and supplies,
augmmented by ventilators with Russian—compatible power systems
provided by the 7th US Army Medical Command, accompanied the team
and permitted it to operate without placing additional demands on
the already strained local resources. Both clinical and laboratory
personnel of the disaster burn care team were readily accepted by




their Russian analogues and quickly integrated into the 1local
medical system’s disaster response. In the next four weeks, the
team members, in collaboration with Russian health care personnel
to whom they taught state-of-the—art techniques of burn care,
carried out wound care procedures on 50 patients, performed
excision of the burn wounds of 26, and even performed a colon
resection for malignant disease.

The rapid responses of the Institute to these two emergencies
were made possible by its extensive experience in the aeromedical
transfer of burn patients gained in previous military and civilian
burn disasters. An earlier national survey of burn disaster health
care needs conducted by Institute personnel guided the composition
of the two disaster response teams, the clinical components of
which were constituted to permit formation of three emergency burn
care teams, each comprised of a burn surgeon, a registered burn
nurse, two or three 91C clinical specialists, and a respiratory
therapist. That staffing was augmented for the Korean mission by
the inclusion of two surgical trainees, and for the Russian mission
by the addition of an anesthesiologist experienced in burn care, a
physical therapist, an occupational therapy technician, and a scrub
nurse to address the longer term needs of wound closure and
rehabilitation. Clinical expertise gained in caring for large
numbers of seriously burned patients each year provided a sound
basis for decision about equipment and supplies needed to permit
in-flight and on—-site operations, respectively, without impediment
by local resource limitations. The burn care provided during each
mission represented the clinical application of research findings
reported in previous editions of this report. Inclusion in the
Russian disaster team of microbiology personnel recognized the
inseparable amalgam of burn patient care and research and enabled
data to be generated that guided antibiotic therapy and identified
the epidemiologic characteristics of burn patients treated in a
limited resource environment.

The work of both disaster response teams in meeting specific
and urgent burn care needs resulted in optimum patient outcome and
the Russian experience also identified problems characteristic of
a mass casualty, limited resource environment that have already
stimulated specific equipment development projects and influenced
the planning for equipment, supply, and personnel support. This
Institute’s response to a military accident in Korea and its
Presidentially directed response to the major burn disaster in the
USSR confirm the field applicability of the Institute’s clinical
and research activities and document the importance of maintaining
indigenous clinical expertise and the unique military-relevant




global readiness that results from the harmonious union of clinical

care and research.
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Colonel, MC
Commander and Director
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ABSTRACT

PROJECT NUMBER: 3S162787A874-00, APPLIED RESEARCH

PROJECT TITLE: Clinical Operation, Center for Treatment of Burned
Soldiers

INSTITUTION: US Army Institute of Surgical Research, Fort Sam
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Two hundred and twenty patients were admitted to this Institute
during calendar year 1988. Principal activities included care of
severely burned patients, research to improve survival and function
of such patients, and education and training of health care
professionals and paraprofessionals. Areas of research included an
ongoing study of 5% aqueous mafenide acetate soaks for thLe topical
treatment of burn wounds following grafting, studies of
neuroendocrine abnormalities in burn injuries, a <clinical
evaluation of the use of high frequency ventilation in patients
with inhalation injury, quantification of dynamic splint forces on
metacarpophalangeal function recovery, evaluation of in vitro
cultivated keratinocytes as epithelial autografts for the closure
of burn wounds, evaluation of imipenem—cilastatin sodium for
prophylactic activity against bacterial pneumonias in burned
patients with inhalation injury, a clinical study of the safety and
efficacy of ceftazidime in the parenteral therapy of infections in
hospitalized burn patients, evaluation of serum visceral protein
levels as indicators of nitrogen balance, a study of medium—chain
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triglyceride utilization, a study of salt and water balance in the
thermally injured patient, assessment by flow cytometry of
peripheral blood cells, a study of the effect of recombinant human
growth hormone treatment on the rate of healing of burn patients
who require skin grafting, a study of human granulocyte-—-macrophage
colony-stimulating factor in patients with thermal injury, an
investigation of the importance of alterations in tumor necrosis
factor in burn patients, and a project to characterize certain
biochemical indicators of infection in the thermally injured.




CLINICAL OPERATION
CENTER FOR TREATMENT OF BURNED SOLDIERS

During calendar year 1988, 220 patients were admitted to this
Institute and there were 220 patient dispositions during the same
period. Statistical data are based on the 220 patient dispositions

during calendar year 1988. The average total burn size of the
entire population was 22.7% of the total body surface area, with an
11.2% average extent of full-thickness injury. The average

hospital stay of all patients, excluding convalescent leave for
active duty military patients, was 40.6 days.

During calendar year 1988, 924 operative procedures were
performed on 161 patients, an average of 5.7 operative procedures
per patient. Four hundred and sixty—-seven anesthetics were given
to 161 patients for an average of 2.9 anesthetics per patient.

ADMISSION DATA

The Clinical Division of this Institute admitted 220 soldiers
and other authorized patients with thermal, chemical, or electric
injury during calendar year 1988. Aeromedical teams from the
Institute conducted 69 missions to transfer 87 (39.5%) of the
admitted patients. Sixty-four missions were within the continental
United States and 5 were to areas overseas. Twenty—-one missions
were carried out by rotary-wing aircraft (30.4%) and 48 by
fixed-wing aircraft (69.5%). One hundred and three of the 220
patients (46.8%) were admitted within 24 h of injury and 140
(63.6%) were admitted within 48 h of injury. One hundred and
seventy—seven patients were male and 43 were female.

DISPOSITION DATA

The following statistics are based on 220 patient dispositions
during calendar year 1988. The ages of these patients ranged from
3 months to 91 yr, with an average age of 29.0 yr. Burn sizes
averaged 22.7% of the total body surface area, with an average
full-thickness component of 11.2%. Forty—-four patients were in the
pediatric age group (< 15 yr), with an average age of 5.3 yr and an
average burn size of 20.4% of the total body surface area. The
average hospital stay of all dispositions was 42.9 days when
convalescent leave for active duty military patients was included
in the calculation and 40.6 days when convalescent leave was
excluded. There were 13 patients with high voltage electric injury
and 16 patients with chemical injury. The sources of admission are
identified in Table 1 and the causes of burn injury are detailed in
Table 2. .




TABLE 1.

Sources of Admission (1988)

AREA A AD AF AFD N/MC ND VAB OTHER TOTAL
First Army 3 1 1 0 0 0 0 0 5
Third Army 4 4 3 1 2 1 3 0 18
Fifth Army 14 22 10 6 3 1 6 76 138
Sixth Army 1 2 2 0 8 0 3 0 16
Alaska 0 0 2 0 C 0 0 0 2
Cuba 0 0 0 0 4 0 0 0 4
Germany 4 0 2 2 3 0 0 1 12
Hawaii 1 1 0 0 0 0 0 1 3
Honduras 0 0 1 0 0 0 0 1 2
Kurt Island 0 0 0 0 0 0 0 1 1
Korea 2 0 1 0 0 0 0 1 5
Marcus Island 0 0 0 0 1 0 0 0 1
Mexico 0 0 0 0 0 0 0 1 1
Okinawa 0 0 1 0 0 0 0 0 1
Panama 2 3 0 0 1 0 0 1 7
Philippines 0 0 1 1 0 0 0 0 2
Puerto Rico 1 0 0 0 0 0 0 0 1
Thailand 1 0 0 1 0 0 0 0 1
TOTAL 33 33 24 10 23 2 12 83 220
A = Army, AF = Air Force, = Navy, = Marine Corps, D

Dependent, VAB = Veterans Administration Beneficiary,

Civilian Emergency, US Public Health Service Beneficiary,

Bureau of Employees Compensation Beneficiary.

and OTHER
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Two patients required hemodialysis for acute renal failure.
Acute myocardial infarction was seen in 1 patient. Inhalation
injury was identified in 45 patients (20.5% of admissions).
Seventy—eight patients (35.5%) had some associated injury (includes
45 patients with inhalation injury) which included fractures of
dislocations in 14 patients, lacerations in 15 patients, and head
injuries in 2 patients.

Morbidity and Mortality. Eighteen of the 220 dispositions
(8.2%) died during calendar year 1988. Autopsies were performed in
7 (38.9%) of these hospital deaths. The average burn size of
patients who died was 57.9% of the total body surface area and the
full—-thickness average was 45.2% of the total body surface area.
Age ranged from 3 months to 91 yr. Ten of these patients (55.6%)
had inhalation injury as a primary or contributing cause of death.
Fifteen patients (83.3%) had burn injuries exceeding 30% of the
total body surface area, and 5 patients (27.8%) had burn injuries
exceeding 80% of the total body surface area. Two of the 18 deaths
(11.1%) occurred in pediatric patients. These children had an
average total body surface area burn of 70.0% and an average
full-thickness burn of 69.5%. The average age of children who died
was 3.5 yr. One of these children had an autopsy.

Infection was once again the most common complication following
thermal injury, with 40 bacterial pneumonias occurring in 34
patients. The most common organisms isolated in patients with
bacterial pneumonia was Staphylococcus aureus in 27 patients,
Klebsiella species in 10 patients, and Escherichia coli in 6
patients. However, only 5 patients demonstrated septicemia and 1
patient had bacterial invasion of the burn wound.

Table 3 1lists the effect of age and extent of injury on
survival and Table 4 1lists mortality rates associated with
increments of 10% of the total body surface area for the years
1985-8. Table 5 summarizes the survival of patients with extensive
burns from 1963-88. Table 6 compares mortality before and after
the use of topical chemotherapy on the burn wound. Table 7 lists
the causes of death for calendar year 1988.

EDUCATIONAL ACTIVITIES

During calendar year 1988, the professional staff of the
Clinical Division continued to provide education to professional an
paraprofessioral groups at the local, national, and international
levels. A total of 29 resident physicians were attached for
periods of 1-2 months, including 8 from Wilford Hall USAF Medical
Center, 5 from the University of Texas Health Science Center (San
Antonio TX), 4 from Travis Air Force Base Medical Center, 3 from
Pensacola Naval Air Station, 2 from Letterman Army Medical Center,
and 1 each from William Beaumont Hospital (Royal Oak MI),
Providence Hospital (Southfield MI), Butterwourth Hospital (Grand
Rapids MI), Brooke Army Medical Center, Fitzsimons Army Medical
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TABLE 5. Survival and Nonsurvival by Year for Patients with Burns
> 30% of the Total Body Surface Area (1963-88)

SURVIVORS NONSURVIVORS
Number Average Burn (%) Number Average Burn (%)

Year of Cases Total 3° of Cases Total 3°
1988 56 40.9 20.6 16 58.8 46.4
1987 46 43.7 17.2 21 63.0 44.9
1986 178 21.8 7.3 29 59.8 41.4
1985 48 43.6 21.7 42 54.3 37.1
1984 43 46.4 24.8 32 59.5 38.7
1983 37 43.5 17.5 30 62.8 50.7
1982 53 43.7 24.8 54 53.9 38.3
1981 54 42.7 17.5 43 62.2 39.8
1980 62 42.7 15.1 66 64.3 41.8
1979 61 45.4 13.4 74 65.0 37.0
1978 67 45.7 14.8 69 55.2 33.0
1977 66 42.2 14.4 70 56.9 29.0
1976 69 45.5 15.0 79 64.2 31.1
1975 80 46.1 14.7 94 61.3 32.8
1974 55 43.9 12.2 97 60.8 35.9
1973 47 43.7 19.6 113 60.3 36.2
1972 62 42.0 17.2 103 56.7 35.9
1971 63 41.9 140 68 60.8 38.0
1970 92 39.4 10.7 70 51.9 32.6
1969 113 43.2 11.1 70 58.7 26.4
1968 143 44 .2 12.6 38 54.6 24.6
1967 103 42.7 13.3 51 59.9 32.3
1966 68 41.5 14.9 59 59.9 31.3
1965 47 43.8 21.0 33 66.0 33.4
1964 40 41.8 14.8 37 65.0 42 .4
1963 28 45.8 19.6 57 69.0 41.0
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Center, Wiiliam Beaumont Army Medical Center, and Mt. Clemons
Hospital (Mt. Clemons MI). Five interns from Brooke Army Medical
Center (San Antonio TX) rotated through the Institute. A total of
7 medical students rotated through the Institute, including 3
students from the Uniformed Services University of Health Sciences
and 1 each from Tufts University, the University of Texas (San
Antonio TX), the University of Houston, and the Texas College of
Osteopathic Medicine. In addition, 1 critical care fellow from
Brooke Army Medical Center rotated through the Institute. A total
of 35 physicians visited from foreign countries for periods ranging
from 1 day to 3 wk, which included 5 each from Japan and Pakistan,
4 each from Germany, Saudi Arabia, and Korea, 3 from Canada, 2 each
from Australia, the Philippines, and Norway, and 1 each from Peru,
Sweden, China, and France. The Respiratory Therapy Branch had 213
trainees, the Physical Therapy Branch had 58 trainees, and the
Occupational Therapy Branch had 110 trainees. Twenty—three
scientific publications appeared in refereed medical journals and
approximately 194 scientific presentations were conducted for
military and civilian audiences. Numerous scientific presentations
were made at the Academy of Health Sciences and various military
installations throughout the continental United States, to include
support of the Combat Casualty Care Courses for the United States
Army. In addition, weekly professional staff conferences were
conducted for and by Institute personnel.

PRESENTATIONS

Carlson DE: Nutritional care of the critically ill. Presented
to the Brooke Army Medical Center Dietetic Interns, Fort Sam
Houston, San Antonio, Texas, 15 January 1988.

Zelenka JP: Occupational therapy in burn care. Presented to
the Occupational Therapy Course (91L), Academy of Health Sciences,
Fort Sam Houston, San Antonio, Texas, 20 January 1988.

Waymack JP: The effect of blood transfusions on resistance to
infectious complications. Presented at the Symposium on Biologic
Effect of Blood Transfusions on Immune Function, Snowbird, Utah,
21 January 1988.

Duncan DJ: Standards of nursing care for the large burn
patient in the initial 48 hours. Presented to the OT/PT Management
of Burns in the Theater of Operations Course, Fort Sam Houston, San
Antonio, Texas, 1-5 February 1988.

Hollan E: The importance of infection control. Presented to
the OT/PT Management of Burns in the Theater of Operations Course,
Fort Sam Houston, San Antonio, Texas, 1-5 February 1988.

Jordan BS: Management of pain. Presented to the OT/PT
Management of Burns in the Theater of Operations Course, Fort Sam
Houston, San Antonio, Texas, 1-5 February 1988.
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Latona PS: Functioning in an ICU environment. Presented to
the OT/PT Management of Burns in the Theater of Operations Course,
Fort Sam Houston, San Antonio, Texas, 1-5 February 1988.

Maly DW: Transport of the burn patient. Presented to the
OT/PT Management of Burns in the Theater of Operations Course, Fort
Sam Houston, San Antonio, Texas, 1-5 February 1988.

Pruitt BA Jr: Burn injury as a military problem: epidemiology
and triage. Presented to the OT/PT Management of Burns in the
Theater of Operations Course, Fort Sam Houston, San Antonio, Texas,
1-5 February 1988.

Summers TM: Psychosocial complications of burn injuries.
Presented to the OT/PT Management of Burns in the Theater of
Operations Course, Fort Sam Houston, San Antonio, Texas,
1-5 February 1988.

Pruitt BA Jr: Diagnosis and treatment of opportunistic
infections in surgical patients. Presented to the Cincinnati
Surgical Society, Cincinnati, Ohio, 2-3 February 1988.

Pruitt BA Jr: Current therapy of burns. Presented to the
Officer Advanced Course, Academy of Health Sciences, Fort Sam
Houston, San Antonio, Texas, 5 February 1988.

Molter NC: USAISR nursing service. Presented at the
Commander’s Conferei.ce, US Army Research and Development Command,
Fort Sam Houston, San Antonio, Texas, 10 February 1988.

Gutierrez RT: Thermal injuries: Physical therapy management.
Presented to the Physical Therapy Specialists Course (91J), Academy
of Health Sciences, Fort Sam Houston, San Antonio, Texas,
10 February 1988.

Summers TM: Families in crisis. Presented to the Critical
Care Course, Academy of Health Sciences, Fort Sam Houston, San
Antonio, Texas, 11 February 1988.

Kennan JR: Initial management of burn patients. Presented to
the Nursing Service Branch, US Army Institute of Surgical Research,
Fort Sam Houston, San Antonio, Texas, 11 February 1988.

Jordan BS: Review of current research at USAISR. Presented to
the OT/PT Management of Burns in Theater of Operations Course, Fort
Sam Houston, San Antonio, Texas, 12 February 1988.

Luster SH: Rehabilitation procedures in burn care. Presented

to the Occupational and Physical Therapy Section, St. Rose
Rehabilitation Center, San Antonio, Texas, 16 February 1988.
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Pruitt BA Jr: Current management of the burn patient.
Presented to the Department of Surgery, University of Tennessee
Medical Center, Knoxville, Tennessee, 16-17 February 1988.

Luster SH: Rehabilitation of acute burn patients. Presented
to the Occupational and Physical Therapy Section, St. Rose
Rehabilitation Center, San Antonio, Texas, 17 February 1988.

Beverly ED: Wear and apparel of the military uniform.
Presented at the Noncommissioned Officer Development Program, Fort
Sam Houston, San Antonio, Texas, 18 February 1988.

Pruitt BA Jr: Opportunistic infections in severely injured
patients. Presented to the Department of Surgery, University of
Texas Health Science Center, Dallas, Texas, 20 February 1988.

Pruitt BA Jr: Current concepts of burn therapy. Presented at
the Quarterly Trauma Conference, Uniformed Services University of
the Health Sciences, Bethesda, Maryland, 25-26 February 1988.

Pruitt BA Jr: The diagnosis and treatment of opportunistic
infections in injured man. Presented to the Department of Surgery,
United States Navy Medical Center, Bethesda, Maryland, 26 February
1988.

Pruitt BA Jr: Current treatment of the burn wound. Presented
at the Department of Surgery Grand Rounds, University of Nebraska
Medical Center, Omaha, Nebraska, 26-27 February 1988.

Latona PS: Initial management of the burn patient. Presented
to the Combat Medical Specialty Division, Fort Sam Houston, San
Antonio, Texas, 4 March 1988.

Keenan JR: Initial management of buln patients. Presented to
the Intensive Care Course, Brooke Army Medical Center, Fort Sam
Houston, San Antonio, Texas, 10 March 1988.

Waymack JP: The effect of blood transfusions on immune
function. Presented at the First International Congress on the
Immune Consequences of Trauma Shock and Sepsis Symposium, Munich,
Germany, 10 March 1988.

Pruitt BA Jr: Presentation as National Faculty Member to
Advanced Burn Life Support Course. Presented to the Department of
Surgery, Uriversity of North Carolina School of Medicine, Chapel
Hill, North Carolina, 10-11 March 1988.

Pruitt BA Jr: Fluid resuscitation of the injured patient.
Presented as part of the 1988 University of California Extension
Course, Palm Springs, California, 13-17 March 1988.
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Pruitt BA Jr: Management of the complications of IV therapy.
Presented as part of the 1988 University of California Extension
Course, Palm Springs, Califcornia, 13-17 March 1988.

Cioffi WG Jr: Early care and aeromedical transport of the
thermally injured patient. Presented at the National Aerospace
Conference, New Orleans, Louisiana, 16 March 1988.

Beverly ED: Wear and apparel of the military uniform.
Presented at the Noncommissioned Officer Development Program, Fort
Sam Houston, San Antonio, Texas, 17 March 1988.

Cioffi WG Jr: Electrical injury. Presented at the 42nd Annual
Texas Job Training and Safety Conference, Corpus Christi, Texas,
17 March 1988.

Vaughan GM: Hypodipsia-hypernatremia. Presented at the
Endocrine Combined Conference, University of Texas Health Science
Center, San Antonio, Texas, 17 March 1988.

Summers TM: Psychosocial aspects of thermal injuries.
Presented at the Tri-Service Reserve Burn Nursing Seminar,
Portland, Oregon, 19 March 1988.

Duncan DJ: Pediatric burns: are they different? Presented at
the Tri-Service Reserve Burn Nursing Seminar, Portland, Oregon,
20 March 1988.

Luster SH: Rehabilitation procedures in burn care. Presented
at the 45th Station Hospital, Vancouver, Washington, 20 March 1988.

Burleson DG: Measurement of in vitro function of B lymphocytes
from burned patients. Presented at the 20th Annual Meeting of the
American Burn Association, Seattle, Washington, 24 March 1988.

Gutierrez RT: Physical therapy in burn care. Presented to the
Advanced Physical Therapy Course, Wilford Hall USAF Medical Center,
Lackland Air Force Base, San Antonio, Texas, 24 March 1988.

McManus AT: Oral nystatin does not alter the incidence of
Candidemia in severely burned patients. Presented at the 20th
Annual Meeting of the American Burn Association, Seattle,
Washington, 25 March 1988.

Shimazu T: Carbon monoxide elimination process in acute and
chronic CO poisoning: comparison by two-compartment analysis.
Presented at the 20th Annual Meeting of the American Burn
Association, Seattle, Washington, 25 March 1988.

Pruitt BA Jr: Ethics in burn care. Presented at the 20th
Annual Meeting of the American Burn Association, Seattle,
Washington, 26 March 1988.
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Molter NC: USAISR Nursing Service. Presented to the Educators

Tour, Academy of Health Sciences, Fort Sam Houston, San Antonio,
Texas, 29 March 1988.

McManus WF: Surgical nutrition - indications and problems.
Presented at the CGary P. Wratten Surgical Symposium, Bethesda,
Maryland, 30 March 1988.

Summers TM: USAISR Nursing Service. Presented to the
Educators Tour, Academy of Health Sciences, Fort Sam Houston, San
Antonio, Texas, 4 April 1988.

Pruitt BA Jr: Changing concepts in burn therapy. Presented to
the Controversies in Surgery Postgraduate Course, Harvard Medical
School and Brigham and Women’s Hospital, Boston, Massachusetts,
7-8 April 1988.

Pruitt BA Jr: Evolution and revolution in the management of
the seriously burned. Presented as the Excelsior Surgical
Society/Edward D. Churchill Lecturer at the 16th Annual Meeting of
the American College of Surgeons, San Antonio, Texas, 11 April
1988.

Duncan DJ: Army practical nurses: are they prepared to
perform as head nurses and practical nursing instructors expect
them to perform? Presented at the Phyllis J. Verhonick Nursing
Research Seminar, Washington, DC, 11 April 1988.

Pruitt BA Jr: Fluid resuscitation of injured patients.
Presented to the Department of Surgery, Surgical Grand Rounds, New
Jersey Medical School, Newark, New Jersey, 18 April 1988.

Pruitt BA Jr: Care of the burn wound. Presented at Hackensack
Hospital, Hackensack, New Jersey, 19 April 1988.

Gutierrez RT: The role of physical therapists in a natural
disaster. Presented at the Central District Meeting of the Texas
American Physical Therapy Association, San Antonio, Texas, 19 April
1988.

Jordan BS: The posttrauma surgical reconstructive pitient -
the continuum of burn nursing care: current concepts in burn
nursing. Presented at the University of New York, Elmira, New
York, 20 April 1988.

Molter NC: Standards of nursing care for the large burn
patient in the initial hours. Presented at the University of New
York, Brockport, New York, 20 April 1988.

Baeverly ED: Wear and apparel of the military uniform.
Presented at the Noncommissioned Officer Development Program, Fort
Sam Houston, San Antonio, Texas, 21 April 1988.
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Jordan BS: The posttrauma surgical reconstructive patient -
the continuum of burn nursing care: current trends in critical
care. Presented at the American Association of Critical Care
Nurses Annual Education Conference, Buffalo, New York, 21 April
1988.

Pruitt BA Jr: Current concepts in burn management. Presented
at the Grand Rounds, Tulane University Medical Center, New Orleans,
Louisiana, 23 April 1988.

Molter NC: Extended role of the nurse. Presented to the
Military Pcstgraduate Critical Care Course, Washington, DC,
26 April 1988.

Duncan DJ: Initial management of burn victims. Presented to
the Luling Emergency Medical Services, Luling, Texas, 28 April
1988.

Maly DW: Aeromedical transport of the burn victim. Presented
to the Luling Emergency Medical Services, Luling, Texas, 28 April
1988.

Zelenka JP: Occupational therapy in burn care. Presented to
Occupational Therapy Course (91L), Academy of Health Sciences, Fort
Sam Houston, San Antonio, Texas, 2 May 1988.

Foresman JL: Thermal injuries — physical therapy management.
Presented to the Physical Therapy Specialist Course (91J), Academy
of Health Sciences, Fort Sam Houston, San Antonio, Texas, 4 May
1988.

Latona PS: 1Initial management of the burn victim. Presented
to the United States Air Force Battlefield Nursing Course, Brooks
Air Force Base, San Antonio, Texas, 4 May 1988.

Burleson DG: The effect of intravenous immune globulin
administration on 1lymphocyte phenotype and function in burned
patients. Presented at the 8th Annual Meeting of the Surgical
Infection Society, San Francisco, California, 5 May 1988.

Pruitt BA Jr: Diagnosis and treatment of opportunistic
infections in injured man. Presented as the Marion Donald Lecturer
at the Annual Meeting of the Alabama Chapter of the American
College of Physicians, Mobile, Alabama, 11-12 May 1988.

Pruitt BA Jr: Fluid resuscitation of surgical patients.
Presented as the Marion Donald Lecturer at the Annual Meeting of
the Alabama Chapter of the American College of Physicians, Mobile,
Alabama, 11-12 May 1988.

Jordan BS: Wound management and complications of burn injury.
Presented at Seton Medical Center, Austin, Texas, 13 May 1988.
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Maly DW: Aeromedical transport of the burn victim. Presented
at Seaton Medical Center, Austin, Texas, 13 May 1988.

McManus WF: Prehospital care of the burn patient. Presented
at Seaton Hospital, Austin, Texas, 13 May 1988.

Summers TM: Psychosocial nursing and the burn patient.
Presented at Seton Medical Center, Austin, Texas, 13 May 1988.

Pruitt BA Jr: Epidemiology, triage, and aeromedical transfer
of burn natients. Presented to the Combat Casualty Management
Course (C4A), Academy of Health Sciences, Fort Sam Houston, San
Antonio, Texas, 16 May 1988.

Pruitt BA Jr: Burn care as a military problem. Presented to
the AMEDD Officers’ Advanced Course, Academy of Health Sciences,
Fort Sam Houston, San Antonio, Texas, 17 May 1988.

Molter NC: Acute pain management: clinical decision—-making
responsibilities for the professional nurse. Presented at the 39th
Medical Surgical Congress, Garmish, Germany, 18 May 1988.

Molter NC: Extended role of the nurse. Presented at the 39th
Medical Surgical Congress, Garmish, Germany, 18 May 1988.

Beverly ED: Wear and apparel of the military uniform.
Presented at the Noncommissioned Officer Development Program, Fort
Sam Houston, San Antonio, Texas, 19 May 1988.

Duncan DJ: Initial management of burn victims. Presented to
the Physical Therapy Specialists Course (91J), Academy of Health
Sciences, Fort Sam Houston, San Antonio, Texas, 20 May 1988.

Gutierrez RT: Physical therapy management of burn patients.
Presented to the Physical Therapy Specialists Course (91J), Academy
of Health Sciences, Fort Sam Houston, Texas, 20 May 1988.

Luster SH: A checklist for identification of rehabilitation
problems in burn patients. Presented at the Annual Meeting of the
American Trauma Society, Arlington, Virginia, 20 May 1988.

Molter NC: Acute pain management: Clinical decision-making
responsibilities for the professional nurse. Presented to the 2nd
Aeromedical Evacuation Squadron, Rhein Main Air Force Base,
Germany, 20 May 1988.

Molter NC: Aeromedical evacuation of burn victims. Presented
to the 2nd Aeromedical Evacuation Squadron, Rhein Main Air Force
Base, Germany, 20 May 1988.

Carlson DE: Nutritional needs of the burn patient. Presented
at the Patients’ Family Group Meeting, US Army Institute of
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Surgical Research, Fort Sam Houston, San Antonio, Texas, 24 May
1988.

Duncan DJ: Initial management of burn victims. Presented to
the Nursing Service Branch, US Army Institute of Surgical Research,
Fort Sam Houston, San Antonio, Texas, 25-27 May 1988.

Hollan E: Infection control procedures in the burn unit.
Presented to the Nursing Service Branch, US Army Institute of
Surgical Research, Fort Sam Houston, San Antonio, Texas, 25-27 May
1988.

Jordan BS: General nursing care of the burn wound. Presented
to the Nursing Service Branch, US Army Institute of Surgical
Research, Fort Sam Houston, San Antonio, Texas, 25-27 May 1988.

Jordan BS: Principles of hemodynamic monitoring in the burn
unit. Presented to the Nursing Service Branch, US Army Institute
of Surgical Research, Fort Sam Houston, San Antonio, Texas, 25-27
May 1988.

McDaniel J: Documentation in the intensive care unit.
Presented to the Nursing Service Branch, US Army Institute of
Surgical Research, Fort Sam Houston, San Antonio, Texas, 25-27 May
1988.

Summers TM: Communicating effectively. Presented to the
Nursing Service Branch, US Army Institute of Surgical Research,
Fort Sam Houston, San Antonio, Texas, 25-27 May 1988.

Summers TM: Psychosocial aspects of thermal injuries.
Presented to the Nursing Service Branch, US Army Institute of
Surgical Research, Fort Sam Houston, San Antonio, Texas, 25-27 May
1988.

Wright ML: Perioperative care of the burn patient. Presented
to the Nursing Service Branch, US Army Institute of Surgical
Research, Fort Sam Houston, San Antonio, Texas, 25-27 May 1988.

Cioffi WG Jr: Aeromedical transport of the thermally injured
patient. Presented to the Aerospace Medical Association, New
Orleans, Louisiana, 1 June 1988.

Vaughan GM: Entrainment of both rise and fall of rat serum
melatonin in c¢ycling 1lighting. Presented at the 70th Annual
Meeting of the Endocrine Society, New Orleans, Louisiana, 9 June
1988.

Gutierrez RT: Getting mobilized to El Salvador. Presented to
the Physical Therapy Specialists Advanced Course (91J), Academy of
Health Sciences, Fort Sam Houston, San Antonio, Texas, 13 June
1988.
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Gutierrez RT: Physical therapy and thermal injuries.
Presented to the Physical Therapy Specialists Advanced Course
(91J), Academy of Health Sciences, Fort Sam Houston, San Antonio,
Texas, 13 June 1988.

Pruitt BA Jr: Diagnosis and treatment of opportunistic
infections in critically ill patients. Presented at the 8th Annual
Teaching Day, St. Francis Hospital and Medical Center, Hartford,
Connecticut, 15 June 1988.

Pruitt BA Jr: Fluid resuscitation of injured patients.
Presented at the 8th Annual Teaching Day, St. Francis Hospital and
Medical Center, Hartford, Connecticut, 15 June 1988.

DePew CL: Fluid and electrolyte pathophysiology. Presented to
the Critical Care Course, Academy of Health Sciences, Fort Sam
Houston, San Antonioc, Texas, 15-16 June 1988.

Summers TM: Crisis and families. Presented to the Critical
Care Course, Academy of Health Sciences, Fort Sam Houston, San
Antonio, Texas, 15-16 June 1988.

Beverly ED: Wear and apparel of the military wuniform.
Presented at the Noncommissioned Officer Development Program, Fort
Sam Houston, San Antonio, Texas, 16 June 1988.

Gutierrez RT: The role of physical therapy in El1 Salvador.
Presented to United States Army Medical Specialist Corps, Fort Sam
Houston, San Antonio, Texas, 17 June 1988.

DePew CL: Pacemakers. Presented to the Critical Care Course,
Academy of Health Sciences, Fort Sam Houston, San Antonio, Texas,
28 June 1988.

Summers TM: Stress and crisis management. Presented to the
Critical Care Course, Academy of Health Sciences, Fort Sam Houston,
San Antonio, Texas, 1 July 1988.

Pruitt BA Jr: Diagnosis and treatment of opportunistic
infections in burn patients. Presented as the Kirk Anderson Traber
Memorial Lecturer, University of Texas Medical Branch and Shriners
Burns Institute, Galveston, Texas, 6-7 July 1988.

Vaughan GM: The pineal and its relation to burn injury and
human physiology. Presented to Anatomy Department, Mahidol
University, Bangkok, Thailand, 18 July 1988.

Duncan DJ: 1Initial management of the burn victim. Presented

to the Critical Care Course, Academy of Health Sciences, Fort Sam
Houston, San Antonio, Texas, 18 July 1988.
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Jordan BS: Standards of nursing care for the large burn victim
in the initial 48 hours. Presented to the Critical Care Course,
Academy of Health Sciences, Fort Sam Houston, San Antonio, Texas,
18 July 1988.

Beverly ED: Wear and apparel of the military uniform.
Presented at the Noncommissioned Officer Development Program, Fort
Sam Houston, San Antonio, Texas, 21 July 1988.

Vaughan GM: Daytime unresponsiveness of the human and hamster
pineal to adrenergic stimulation. Presented at the Satellite
Symposium of the 8th International Congress of Endocrinology, Hong
Kong, 27 July 1988.

Vaughan GM: Entrainment of rat serum melatonin (MEL) rise and
fall in cyclic lighting. Presented at the Satellite Symposium of
the 8th International Congress of Endocrinology, Hong Kong, 28 July
1988.

Vaughan GM: The endocrine response to burn injury. Presented
to the Departments of Medicine and Pathophysiology, First Medical
College of the Peoples’ Republic of China, 29 July 1988.

Duncan DJ: Management of burn victims in the theater of
operations. Presented at the 2nd Annual Joint Military Trauma
Symposium, United States Air Force Academy, Colorado Springs,
Colorado, 3 August 1988.

Selzer RA: Management of burn victims in the theater of
operations. Presented to the United States Air Force Battlefield
Nursing Course, Brooks Air Force Base, San Antonio, Texas, 3 August
1988.

Luster SH: Occupational therapy in burn care. Presented to
the Occupational Therapy Assistant Course, Academy of Health
Sciences, Fort Sam Houston, San Antonio, Texas, 4 August 1988.

Pruitt BA Jr: Current treatment of the burn wound. Presented
to the Department of Surgery, Ben Taub Hospital, Houston, Texas,
6 August 1988.

Luster SH: A checklist for identification of rehabilitation
problems in burn patients. Presented at the Annual Army Medical
Specialist Corps Symposium, Leesburg, Virginia, 8 August 1988.

Vaughan GM: Pituitary. Presented to the Endocrine
Pathophysiology Sophomores, Department of Medicine, University of
Texas Health Science Center, San Antonio, Texas, 8 August 1988.

Vaughan GM: Thyroid. Presented to the Endocrine
Pathophysiology Sophomores, Department of Medicine, University of
Texas Health Science Center, San Antonio, Texas, 8 August 1988.
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Beverly ED: Liver disease. Presented to the Practical Nurse
Course, Academy of Health Sciences, Fort Sam Houston, San Antonio,
Texas, 16 August 1988.

Carlson DE: Nutritional needs of the burn patient. Presented
at the Patients’ Family Group Meeting, US Army Institute of
Surgical Research, Fort Sam Houston, San Antonio, Texas, 16 August
1988.

Beverly ED: Wear and apparel of the military uniform.
Presented at the Noncommissioned Officer Development Program, Fort
Sam Houston, San Antonio, Texas, 18 August 1988.

Pruitt BA Jr: Clinical and 1laboratory studies of acute
inhalation injury. Presented at the Annual Meeting of the
International Surgical Group, Reykjavik, Iceland, 21-22 August
1988.

Molter NC: USAISR Nursing Service. Presented to the Educators
Tour, Academy of Health Sciences, Fort Sam Houston, San Antonio,
Texas, 23 August 1988,

Pruitt BA Jr: Inhalation injury and airway management.
Presented to the American Burn Life Support Instructor Course,
Pittsburgh, Pennsylvania, 26-27 August 1988.

Pruitt BA Jr: Transfer and transport of burn patients.
Presented to the American Burn Life Support Instructor Course,
Pittsburgh, Pennsylvania, 26-27 August 1988.

Broberg R: Initial management of burn victims. Presented to
the Combat Medical Specialty Division, Academy of Health Sciences,
Fort Sam Houston, San Antonio, Texas, 1 September 1988.

McManus AT: Occurrence of Pseudomonas aeruginosa in seriously
burned patients: a review of 950 patients (1983-1987). Presented
at the International Symposium on Basic Research and Clinical
Aspects of Pseudomonas aeruginosa infections, Copenhagen, Denmark,
1 September 1988.

Pruitt BA Jr: Burn wound excision and the null hypothesis.
Presented at the Annual Meeting of the Halsted Society, Jackson
Hole, Wyoming, 6-9 September 1988.

Keenan JR: Initial management of burn victims. Presented to
the 32nd Aeromedical Evacuation Squadron, Kelly Air Force Base, San
Antonio, Texas, 10 September 1988.

Dorsey CS: Role of the LVN on the burn flight team. Presented

to the Practical Nurse Course, Academy of Health Sciences, Fort Sam
Houston, San Antonio, Texas, 12 September 1988.
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Dimmick DJ: Role of the LVN in the Clinical Data Division, US
Army Institute of Surgical Research. Presented to the Practical
Nurse Course, Academy of Health Sciences, Fort Sam Houston, San
Antonio, Texas, 12 September 1988.

Pruitt BA Jr: Diagnosis and treatment of opportunistic
infections in injured man. Presented to the Department of Surgery,
University of ©North Carolina, Chapel Hill, North Carolina,
12-13 September 1988.

Pruitt BA Jr: Fluid resuscitation of injured man. Presented
to the Department of Surgery, University of North Carolina, Chapel
Hill, North Carolina, 12-13 September 1988.

Duncan DJ: 1Initial management of the burn victim. Presented
to the School of Nursing, Baptist Memorial Hospital, San Antonio,
Texas, 13 September 1988.

Duncan DJ: Standards of nursing care for the large burn victim
in the initial 48 hours. Presented to the School of Nursing,
Baptist Memorial Hospital, San Antonio, Texas, 13 September 1988.

Beverly ED: Wear and apparel of the military wuniform.
Presented at the Noncommissioned Officer Development Program, Fort
Sam Houston, San Antonio, Texas, 13 September 1988.

Anderson SE: Standards of nursing care for the large burn
victim in the initial 48 hours. Presented to the Nursing Service
Branch, US Army Institute of Surgical Research, Fort Sam Houston,
San Antonio, Texas, 15 September 1988.

DePew CL: Documentation in the burn unit. Presented to the
Nursing Service Branch, US Army Institute of Surgical Research,
Fort Sam Houston, San Antonio, Texas, 15 September 1988.

Duncan DJ: 1Initial management of the burn victim. Presented
to the Nursing Service Branch, US Army Institute of Surgical
Research, Fort Sam Houston, San Antonio, Texas, 15 September 1988.

Hollan E: 1Infection control in the burn unit. Presented to
the Nursing Service Branch, US Army Institute of Surgical Research,
Fort Sam Houston, San Antonio, Texas, 15 September 1988.

Jordan BS: General nursing care of the burn wound. Presented
to the Nursing Service Branch, US Army Institute of Surgical
Research, Fort Sam Houston, San Antonio, Texas, 15 September 1988.

Keenan JR: Aeromedical transport of thermally injured
patients. Presented to the Nursing Service Branch, US Army
Institute of Surgical Research, Fort Sam Houston, San Antonio,
Texas, 15 September 1988.
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Summers TS: Communicating effectively. Presented to the
Nursing Service Branch, US Army Institute of Surgical Research,
Fort Sam Houston, San Antonio, Texas, 15 September 1988.

Summers TS: Psychosocial aspects of thermal injuries.
Presented to the Nursing Service Branch, US Army Institute of
Surgical Research, Fort Sam Houston, San Antonio, Texas,
15 September 1988.

Wright ML: Perioperative management of the burn patient.
Presented to the Nursing Service Branch, US Army Institute of
Surgical Research, Fort Sam Houston, San Antonio, Texas,
15 September 1988.

McManus WF: Excision of the burn wound - major burns.
Presented at the Paul E. Hodgson Scientific Symposium, Department
of Surgery, University of Nebraska College of Medicine, Omaha,
Nebraska, 17 September 1988.

Cioffi WG Jr: Physiologic effects of smoke inhalation in an
ovine model. Presented at the Tri~Service Conference on Pulmonary
Injury, Denver, Colorado, 20 September 1988.

Cioffi WG Jr: The use of high frequency ventilation in the
treatment of patients with inhalation injury. “Presented at the
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During the period of this report, 467 anesthetics were
administered to 161 patients, an average of 2.9 anesthetics per
patient. The most commonly used anesthetic agent was isoflurane
(59.5%) followed by narcotics (24.4%), ketamine (7.5%), enflurane
(4.9%), and halothane (1.5%). Due to the nature and combinations
of procedures now performed, regional anesthesia is no longer used.
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ANESTHESIOLOGY

PREOPERATIVE PROCEDURES

Evaluation. Most burn patients are several days postinjury
when first seen by the anesthesiologist. 1In the immediate postburn
period, time is used to gain abundant physiologic data from routine
monitoring of various indices, i.e., hematologic (hematocrit,
electrolytes, liver and renal function tests), pulmonary (arterial
blood gases, respiratory rate, chest roentgenogram), cardiovascular
(blood pressure, central venous pressure, cardiac output), and
renal (urine output, urine chemistry), in addition to the usual
preoperative patient interview and physical examination. All
patients, regardless of age, who have electric injuries are
required to have a preoperative electrocardiogram performed to rule
out possible myocardial damage.

Preparation. All patients are placed on NPO status after 2400
h the day prior to surgery with the exception of children, who may
receive clear liquids up to 5 h prior to surgery. Any patient with
an enteral feeding tube, the proximal end of which is shown to be
beyond the ligament of Treitz, may have tube feedings continued up
to the time of surgery. Due to extraordinary fluid requirements in
most burn patients, an intravenous infusion, if not already in
place, is begun the evening prior to surgery.

Premedication. Routine medications such as cimetidine and
cardiovascular medications are continued up to the time of surgery.
Glycopyrrolate (Robinul®), from 0.005 mg/kg to a maximum dose of
0.2 mg/kg, is given intramuscularly 30 min prior to anesthesia or
intravenously upon entering the operating room. No other
premedications are routinely used with the exception of diazepam
preceding ketamine anesthetic.

Fluids. All fluids, except hyperalimentation solutions, are
changed to 5% glucose in water or Ringer’s lactate upon arrival in
the operating room. Hyperalimentation solutions are continued
throughout operative procedures.

TYPES CF ANESTHESIA

The pattern of anesthetic administration has changed from
previous years and involves a greater use of isoflurane, having
replaced enflurane which was the primary anesthetic agent for the
previous 3 yr. Ketamine, narcotics, and halothane are used, but to
a much lesser extent (Table 1).

Isoflurane (Forane®). Isoflurane, which is an isomer of
enflurane, is the most recent halogenated ether to be introduced at
the Institute. Biotransformation amounts to only 0.25% of an

inhaled dose and no toxic reactions to the metabolic products have
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been reported to date. Although it has a rather pungent odor that
tends to limit its use as a sole mask induction agent, its use in
combination with sodium pentobarbital or ketamine provides a smooth
anesthetic induction that is significantly more rapid than
enflurane plus those three intravenous agents. Isoflurane is
presently the most commonly used anesthetic agent at this
Institute.

Enflurane (Ethrane®). Enflurane is a halogenated ether which
provides a relatively smooth anesthetic induction and good muscle
relaxation. Unfortunately, the anesthetic induction can be
somewhat prolonged in certain healthy adult patients.
Biotransformation amounts to 2 to 2.5% of an inhaled dose, which
perhaps accounts for the few clinical toxic effects observed.
Plasma fluoride levels in hypermetabolic burn patients during and
after enflurane administration have been measured and found not to
be in the toxic range.

Halothane (Fluothane®). Halothane is an halogenated alkane
that has met with only 1li-ited use over the 1last 6 yr.
Biotransformation can account for as much as 25% of an inhaled
dose. Halothane hepatitis, although rare, fortunately has not been
reported in burn patients. Since the successful introduction of
enflurane and isoflurane, few indications for halothane’s use exist
in this patient population that may be predisposed to hepatitis
from multiple transfusions with blood products. Halothane is much
less pungent and causes a more rapid anesthetic induction than
enflurane or isoflurane. As a result, its use is indicated
primarily in the burned pediatric patient who requires that his
airway be secured by an endotracheal tube following a smooth, rapid
induction of anesthesia. Halothane hepatitis has not been reported
to be an issue in the pediatric population.

Nitrous Oxide. This agent is used in concentrations of 50-60%
with oxygen. It is used mainly in conjunction with other analgesic
or anesthetic agents.

Ketamine. This agent 1is wused both intramuscularly and
intravenously to produce its characteristic dissociative state with
preservation of basal functions and 1laryngeal reflexes plus
stimulation of the cardiovascular system. Unfortunately, ketamine
shares with its parent compound, phencyclidine, the production of
a high incidence of unpleasant hallucinogenic side effects.
However, proper patient preparation and premedication with a
benzodiazepine appear to have reduced the unpleasant emergence
reactions to a level where they are currently of 1little
consideration in the well-selected patient. Laryngospasm, airway
obstruction, and regurgitation can occur with ketamine. Pronounced
blepharospasm prevents its wuse 1in eye cases. All ketamine
anesthetics, other than in children, are preceded by intravenous
administration of diazepam (0.15-0.2 mg/kg) or midazolam (0.05
mg/kg) .
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Muscle Relaxants. Succinylcholine has not been used for any
purpose at this Institute for more than a decade. On the other
hand, nondepolarizing muscle relaxants (vecuronium bromide,
pancuronium bromide, and atracurium besylate) have been used in 86%
of the operative cases over the past year.

Regional Anesthetics. Although regional anesthesia is
generally considered one of the safest methods available, its use
in the thermally injured patient is limited for several reasons.
Sepsis and infection of the skin over or near the site of injection
are contraindications for use and multiple—-site operations also
limit the practicality of this method.

MONITORING TECHNIQUES

Cardiovascular System. Monitoring includes the precordial
and/or esophageal stethoscope, peripheral pulse, blood pressure,
central venous pressure, Swan—-Ganz catheter, electrocardiogram, and
urine output.

The Dinamap™ automatic blood pressure cuff is routinely used
for intraoperative blood pressure monitoring. Since it can be used
over dressings and is noninvasive, it is the most practical method
of monitoring blood pressure in our patient population. Usually,
blood pressure is monitored at two sites. Direct arterial lines
are used when necessary.

Respiratory System. Monitoring includes the rate,
auscultation, arterial blood gases, pulmonary functions (pre- and
intraoperative), hemoglobin oxygen saturation, and end tidal carbon
dioxide. During the past year, the introduction of new noninvasive
monitors has made a significant contribution to the management of
the thermally injured patient. The measurement of hemoglobin
oxygen saturation by pulse oximetry, end-tidal carbon dioxide, and
pulmonary function parameters all represent no risk to the patient,
are easily obtainable, and are accurate. These monitors have
become standard in our anesthetic care of the burn patient.

Body Temperature. Skin, rectal, nasopharyngeal, or esophageal
temperatures are continually monitored. Because of the greatly
increased evaporative losses in burn patients, hypothermia is a
serious problem. Several methods are employed to maintain body
temperature during anesthesia. Ambient temperatures were
maintained between 85 and 90°F. Maintaining the room temperature
above 88°F appears most effective in preventing patient cooling.
Anesthetic gases are heated and humidified and radiant heat lamps
are used when necessary. Disposable K—-thermia™ heating blankets
are also helpful and are most effective when used on children.
Scrub solutions, intravenous fluids, and blood products are all
warmed prior to use.
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RESULTS

Complications. There was one intraoperative death in the
operating room during this reporting period. The patient was a
42-year—-old male who sustained a 31% total body surface area burn
11 days earlier. This patient was scheduled for excision and
grafting on the morning of 18 February 1988. The patient was
ventilator—-dependent and had demonstrated marginal cardiac reserve
at the time of surgery. He was monitored invasively with a
pulmonary artery catheter and arterial pressure line in addition to
the usual monitors in the operating room. Anesthesia was induced
in the patient uneventfully and he was stable during the first 90
min of the surgery, which consisted of excision of burns of the
chest to fascia with the patient in the supine position. The mean
arterial pressure (torr) remained in the 80s, the pulmonary
capillary wedge pressure was approximately 12 torr, and cardiac
output was about 7.0 1/min. The patient’s cardiac output then fell
rather dramatically to 4.0 1/min in the face of seemingly adequate
blood pressure, fluid and blood replacement, and pulse oximetry.
In spite of treatment with inotropic support (dopamine
hydrochloride and dobutamine hydrochloride), the patient’s
condition continued to deteriorate, with a decrease in heart rate
and blood pressure. No pulse was palpable following treatment with
atropine and epinephrine. CPR was initiated and the advanced
cardiac life support protocol was followed without success, despite
placement of a transvenous pacemaker and continued fluid
resuscitation. The patient was pronounced dead after an hour of
CPR. An autopsy revealed that multiple pulmonary emboli were the
cause of death.

Patient Data. Tables 2 and 3 provide overall anesthetic
patient data.

Operative Procedures. Table 4 illustrates recent trends in
operative procedures.

PRESENTATIONS/PUBLICATIONS

None.
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Early excision followed by immediate skin grafting is widely
considered to be a preferred method of burn wound closure.
However, the disadvantages of this technique include significant
blood loss with need for large volume blood transfusions, lengthy
anesthesia time, and excessive metabolic demands. A recently
described two—stage technique for excision and grafting of burn
wounds allows a period of stabilization, during which blood volume
replacement and temperature correction occurs. On the following
day, autografting is performed. This study was designed to compare
the two-stage excision technique with the conventional one-stage
technique in terms of incidence of sepsis, metabolic demands,
functional and cosmetic results, duration of hospital stay, and
cost.

This study was terminated at the request of the primary
investigator. No patients were enrolled in the study.
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A TWO-STAGE TECHNIQUE FOR EXCISION AND GRAFTING
VERSUS A ONE-STAGE TECHNIQUE FOR EXCISION AND GRAFTING
OF BURN WOUNDS: A PROSPECTIVE RANDOMIZED STUDY

In reference to the timing and method of excision and skin
grafting of the burn wound, the surgeon has a variety of excellent
options available. Aggressive early excision followed by immediate
skin grafting has been widely accepted as the preferred method in

burn treatment centers (1-4). This technique may decrease sepsis,
diminish metabolic demands, improve functional and cosmetic
results, and result in decreased hospital stay and cost. The

disadvantages of this technique can include significant blood loss,
resuscitation with large blood transfusions, lengthy anesthesia
time, and excessive metabolic demands.

A recently described two-stage technique for excision and
grafting of burn wounds allows a period of stabilization, during
which time blood volume replacement and temperature correction
occurs (5). The patient returns to the operating room the
following day for autografting. Advocates of this technique claim
to minimize metabolic stress and reduce the hemorrhage which
accompanies burn wound excision.

The objective of this study is to evaluate a two-stage
technique for excision and grafting by comparison to the
conventional one-stage technique.

MATERIALS AND METHODS

Study Design. Patients will receive standard appropriate
therapy for their burn and will be randomized into pairs to undergo
a two—-stage technique for excision and grafting or a one-stage
technique for excision and grafting of their burn wounds. All
patients will receive preoperative vancomycin and amikacin and four
doses each of vancomycin and amikacin in the postoperative period.
Patients in the two-stage protocol will not receive antibiotics
beyond those ordered by the physician following the first
operation. These patients will have an index card on the front of
their chart identifying them as participants in the two-stage
protocol so that they will not receive a second course of
antibiotics. This will result in coverage for the initial 16 h
following the second surgery. This should not affect their risk of
infection since bacterial seeding appears to occur following
excision on burn eschar, not harvesting of donor sites. No other
modifications will be made in the care of either group of patients.

A method of excision will be standardized in both groups by
utilizing the Padgett™ dermatome, the Goulian™ knife, and/or any
other surgical instruments as deemed appropriate by the attending
surgeon. Split—-thickness skin grafts will be harvested using the
Padgett™ dermatome. Patients will be enrolled in the study as
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sequential pairs with treatment randomly allocated between the
paired patients. In the first group, immediately upon appreciation
of adequate hemostasis, split-thickness skin grafts will be applied
to the excised areas. In the second group, the tangentially
excised areas will be dressed and the patients will be allowed an
overnight period of stabilization prior to returning to the
operating room the following day for autografting. If the
two—stage technique for excision and grafting proves to be either
very effective of detrimental, the sequential analysis will allow
the study to be completed with significantly fewer patients.

Number of Patients. Up to 100 patients will be enrolled in
this study, with an early cutoff by closed and sequential analysis
possible.

Selection of Patients. Patients admitted toc the US Army
Institute of Surgical Research will be eligible for enrollment in
the study.

Patient Inclusion. Patients meeting the following criteria
will be eligible for enrollment in the study:

1. Patients hospitalized for burn injury.

2. Male or female patients 2 18 and < 80 yr old. Female
patients must have been surgically sterilized, be postmenopausal
(> 45 yr old and lack of menstrual periods for > 1 yr), or have a
negative pregnancy test.

3. Patients requiring excision of > 12% of the total body
surface area.

4, Concomitant injury or preexisting disease will not
contraindicate enrollment in the study.

Patient Exclusion. Patients with the following
characteristics will be excluded from the study:

1. Patients < 18 or > 80 yr old.

2. Patients who are pregnant or nursing.

3. Patients who have burns requiring excision of < 12% of

the total body surface area.

4. Patients who have head and/or neck burns but have no
other burns requiring excision of > 12% of the total body surface
area.

Patient Procedures. 1In all patients, initial excision of burns
will Dbe performed during the first postburn week unless
contraindicated due to other medical problems. Assessment and
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determination of a normal fluid and electrolyte balance and normal
RBC volume will be made prior to surgery. Operations will be
designed to cover no more than 20% of the patient’s burn.
Operative procedures will begin when body temperature is normal and
hematocrit is =2 30%. Prior to transport of the patient to he
operating room, the operating room will be preheated. Heat lamps
and mattresses will be used intraoperatively to maintain body
temperature. General anesthesia will be used in all cases.
Excision of burn wounds will be performed using the Padgett™
electric dermatome, Goulian™ knife, and/or any variety of hand-held
dermatomes and knives.

One-Stage Technique. In patients randomized to the
one-stage technique, thrombin and/or epinephrine~soaked sponges
followed by hot saline packs will be applied following burn wound
excision. Lactated Ringer’s solution will be infused
subcutaneously to facilitate harvesting of autograft. Autograft
thickness will be determined by the staff surgeon based on the
patient’s overall condition. The dermatome will be utilized for
obtaining split-thickness autografts, which will be meshed to a
ratio of 1.5:1 and occasionally 3:1 when adequate donor sites are
limited. Skin grafts will be secured in position using a stapling
apparatus (US Surgical Corporation, Norwalk, CT) or chromic
sutures. Autograft dressings will consist of wet fine—-mesh gauze
covered with bulky dressings. Donor sites will be dressed with dry
fine—mesh gauze or Biobrane® dressing. Patients will be returned
to Ward 14A or 14B for full recovery from anesthesia and wound
care.

Two-Stage Technique. In patients randomized to the
two-stage technique, excised wounds will be covered with bulky
gauze dressings soaked in 5% mafenide acetate solution. After
controlling bleeding with hot compresses, dressings will be applied
and secured in position with Kerlix™ dressings (Kendall, Boston,
MA) and elastic bandages for extremity wounds and secured with
netting for torso wounds. Patients will then be returned to Ward
14A or 14B for full recovery from anesthesia and wound care.
Attention will be directed to restoration of euthermia by the use
of heat lamps, heat shields, and thermal blankets if necessary.
Transfusions will be used to maintain an hematocrit 2 30%.
Irrigating catheters will be utilized to prevent desiccation of
excised wounds. The following day, patients will be returned to
the operating room for autograft coverage of the previously excised
burns. The dermatome will be utilized for obtaining
split—-thickness autografts. A subcutaneous infusion of lactated
Ringer’s solution will be used to facilitate harvesting. Bleeding
will be controlled with hot saline packs, suture ligation, or
electrocautery where indicated. It is anticipated that bleeding
will be minimal since hemostasis should have been achieved by
coagulation during the preceding 24 h. Split-thickness skin grafts
will be meshed to a ratio of 1.5:1 and occasionally 3:1 when
adequate donor sites are limited. Skin grafts will be secured in
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position using a stapling apparatus or chromic sutures. Autograft
dressings will consist of wet fine-mesh gauze covered with bulky
dressings. Donor sites will be dressed with dry fine-mesh gauze or
Biobrane® dressing. Patients will be returned to Ward 14A or 14B
for full recovery from anesthesia and wound care.

Preoperative Data. P:reoperative data collection will include
hematocrit, electrolytes, creatinine, arterial blood gases, total
and 3° burn sizes, age, and past history.

Intraoperative Data. Intraoperative data collection will
include blood loss, anesthesia time, blood and blood products
received, lowest mean arterial blood pressure, peak pulse rate,
area of excision, area grafted, whether or not the patient required
postoperative intubation, and the type of anesthetic agents used.
In the immediate postoperative period, patient temperature,
arterial blood gases,; and hematocrit will be obtained.

Postoperative Data. Postoperative data collection will include
percent total body surface area covered and percent graft take.
Infection and respiratory status based on incidences of pneumonia,
tracheobronchitis, and atelectasis will be recorded. Morbidity,
mortality, and hospital stay will be recorded as well.

Statistical Analysis. In evaluating the data from the
one—stage versus the two-stage procedure, a superior result will be
congsidered to be any of the following:

1. sStatistically significant decrease in the number of
blood transfusions required.

2. significant increase in graft "take".

3. Significant increase in the amount of burn excised per
procedure.

4. Significant decrease in respiratory complications.
5. Significant decrease in time to wound closure.
RESULTS
No patients were enrolled in this study.
DISCUSSION

This study was terminated at the request of the primary
investigator.

PRESENTATIONS/PUBLICATIONS

None.
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During this reporting period, 5% aqueous mafenide acetate
dressings have continued to be an efficacious treatment modality in
the care of the burn wound. One hundred and sixty—-five patients
were treated with 5% aqueous mafenide acetate dressings, employed
either for final debridement of a wound or following application of
meshed cutaneous autograft to prevent desiccation of tissue exposed
in the interstices of such grafts. An 11.5% incidence of skin rash
(atopy) was noted as the only adverse reaction. The clinical
results achieved by the use of 5% aqueous mafenide acetate solution
strongly support its continued us=.
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5% AQUEOUS SULFAMYLON® SOAKS USED IN TOPICAL TREATMENT
OF BURNED SOLDIERS

During this reporting period, the evaluation of 5% aqueous
mafenide acetate solution for topical treatment of the burn wound
has continued at this Institute where it was used in 165 of 196
patients (84.2%). The 5% aqueous mafenide acetate-soaked dressings
are used as wet—-to—dry dressings to debride nonviable tissue
elements in preparation for split-thickness autograft procedures or
as continuous wet dressings to protect freshly excised wounds that
are not autografted. In addition, when meshed cutaneous autografts
are applied, dressings are soaked with 5% aqueous mafenide acetate
solution to decrease the rate of bacterial growth and to prevent
desiccation of tissue exposed in the interstices of such grafts.

Nineteen patients (11.5%) demonstrated allergic reactions
(atopy) with the use of 5% aqueous mafenide acetate solution and
these patients demonstrated rapid resolution of the atopic reaction
following administration of an antihistamine and/or discortinuation
of the 5% aqueous mafenide acetate—-soaked dressings. Saline or
other aqueous topical antimicrobial agents were substituted when 5%
aqueous mafenide acetate—soaked dressings were discontinued and no
other adverse reactions were noted in this group of patients.

The use of 5% aqueous mafenide acetate-soaked dressings has
continued to be efficacious, both in the preparation of the burn
wound for cutaneous autografting and in the prevention of
desiccation of ungrafted granulation tissue. In addition, 5%
aqueous mafenide acetate solution is most helpful in preventing
desiccation or premature bacterial colonization of meshed cutaneous
autografts. The dressings over such meshed autografted skin can be
left in place for an average of 3 days, allowing development of
good adherence of the autografts prior to the first dressing
change. The efficacy and the low incidence of adverse side effects
speak for continued use of this solution.

PRESENTATIONS/PUBLICATIONS

None.
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A rise of pineal melatonin (MEL) content occurs 2 h after
isoproterenol (ISO) is injected in the second half of the 10-h dark
phase. For this response, because of a ceiling effect of
endogenous catecholamine neurotransmission at night, elimination of
high MEL synthesis at that time by brief light exposure just
before the injection of ISO is important. Such agonists are much
less effective in most of the light phase in this species. Using
adult males and MEL RIA, we asked if nocturnal responsiveness
continues after the endogenocusly determined fall of high pineal MEL
synthesis and content. The fall occurs before onset of light.
Hamsters injected once with ISO (1 mg/kg SC) at 1 h into the light
phase had a rise of pineal MEL content 2 h later to 5.5-fold that
after vehicle (CON) injection (P < 0.001). If injection was
delayed to 4 h into light, pineal MEL (maximal 2 h post-ISO) was
only 1.7-fold (P < 0.01) that in CON. Extending darkness through
the morning protocol did not significantly alter the results. Once
well established, pineal responsiveness (PR) is controlled
differently from the signal for endogenous MEL synthesis (EMS)
itself, PR persisting after the fall of EMS. PR remains even in
early light, and then wanes without a dominant acute influence of
light. Activation of a part of the postreceptor cascade in EMS may
not be required for the presence of PR.
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SYRIAN HAMSTER PINEAL SYMPATHETIC
RESPONSIVENESS IN THE EARLY LIGHT PHASE

The Syrian hamster pineal gland may provide a model for
sympathetic unresponsiveness (SU), which state characterizes the
normal pineal during the light phase in both Syrian hamsters and
humans (1). This phenomenon (daytime pineal SU) is potentially of
interest, since cardiovascular SU occurs in the terminal stages of
critical illness, major trauma, and severe burn injury, when
support with sympathomimetics is no longer possible. The pineal of
normal humans and hamsters responds to beta—adrenergic stimulation
delivered via specific adrenergic innervation to the pineal during
each night, producing a nocturnal rise in mela*tonin (MEL) synthesis
and serum levels of MEL. However, the sympathetic stimulation that
accompanies psychologically adverse experiences, insulin
hypoglycemia, exercise, painful diagnostic procedures, burn injury,
isoproterenol (ISO) infusions, and pheochromocytoma has not
produced any consistent elevation of circulating or excreted MEL
during the daytime in human subjects (2,3).

Similarly, in Syrian hamsters, insulin hypoglycemia (4) as well
as systemic injections of (5-9) and pineal incubations with ISO
(10) disclosed daytime pineal SU in Syrian hamsters, as did in vivo
and in vitro use of norepinephrine with desmethylimiprimine (11).
Responses were sought within a 4-h time frame after an injection or
during incubation. However, in these hamster studies, the
sympathetic beta—agonist given or applied in the second half of the
night was able to raise pineal MEL synthesis, which documented
nocturnal responsiveness. At night, the animals were exposed to
light briefly (20-30 min) just before injection (or before taking
the pineals for incubation) in order acutely to lower pineal MEL
synthesis which is normally high during the second half of darkness
in this species maintained in a regular 14-h light and 10-h dark
phase schedule.

In mammals generally, the nocturnal MEL surge is driven by a
rise in sympathetic transmission at night wvia the nerve fibers
entering the pineal. In rats, general or systemic sympathetic
stimulation even during the day can raise the low daytime pineal
MEL content and synthesis (4,10,12). However, in humans and Syrian
hamsters, the pineal response so far has seemed mostly restricted
to a time roughly corresponding to the normal rise in pineal MEL
content and synthesis at night. Interestingly, in most species,
even though darkness is necessary for the nocturnal MEL surge to
occur, and light exposure at night can prevent it or eliminate it
after it begins (9), pineal MEL synthesis and content normally
falls before the expected time of lights—on (13).

In the Syrian hamster, the apparently appropriate model for
humans (1), the approximate coincidence of pineal responsiveness
and the endogenous MEL surge might suggest a similar or common
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control over both. However, part of the demonstration of nocturnal
responsiveness in this species involved brief 20- to 30-min
exposure of the animals to light, which suppressed the endogenous
MEL surge but allowed an exogenously stimulated one. Further,
separate control of the endogenous MEL surge (through the signal
via the pineal sympathetic innervation) on the one hand, and pineal
sympathetic responsiveness on the other, was shown by observation
of an approximate 4-fold response of pineal MEL (similar to the one
in intact animals) after nocturnal injection of norepinephrine and
desmethylimiprimine in hamsters previously subjected to superior

cervical ganglionectomy (8). This procedure interrupts the
postganglionic sympathetic fibers projecting to the pineal,
eliminates the endogenous nocturnal MEL surge (14), and does not

introduce a pineal response to ISO injection during the day (5).
This indicates that the onset of responsiveness is controlled
separately from the signal for the MEL surge. Less is known for
the offset.

In previous testing at night, the brief period of 1light,
reducing high pineal MEL just before use of an agonist, might be
viewed as an artificial interference. This light exposure with the
attendant use of the catechol agonist occurred during the time when
MEL is otherwise normally elevated and responsiveness might be
expected despite the "artificial" lowering of MEL. In the present
case, we injected ISO well after the endogenously determined fall
of the nocturnally high pineal MEL had occurred.

MATERIALS AND METHODS

Young adult male Syrian hamsters were maintained (4-5 per clear
plastic cage with corncob bedding), at least 2 wk in a light:dark
cycle of 14:10 (darkness 2000-0600 h) at 25°C with food and water
available ad 1libitum. Procedures in darkness were done in the
presence of two 25-W incandescent lamps shielded by Kodak No. 1A
red filters which prevent the light from affecting pineal function.

Fourteen groups of 8-10 hamsters each were injected on the back
with ISO (1 mg/kg SC) or a physiologic saline vehicle (NaCl) or
left uninjected. 1ISO or NaCl were injected at 0650 h, with samples
taken 2 h later. Other groups were injected at 1000 h and sampled
2 h after NaCl injection or 1, 2, or 3 h after ISO injection.
Uninjected controls were sampled at 0945 h. On another day, this
sequence of events was repeated in darkness extended from the
previous night by preventing the lights from turning on at the
usual time (0600 h). Sampling was by guillotine decapitation with
collection of trunk blood and prompt extirpation and freezing (on
dry ice) of the pineal gland. Pineals were kept at —-60°C until
sonication and dilution in 1 ml phosphate buffered saline (pH 7)
with 0.1% gelatin and 100 mg/l thimerosal, with subsequent storage
at -60°C until assay of MEL with the Rollag antibody (13). The
least detectable value was 10 pg/pineal.
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Data were analyzed by student’s t test with Bonferroni
correction and by ANOVA with use of a VAX-3400 computer.

RESULTS

Figure 1 shows that ISO injection at approximately 1 h after
the expected time of lights—on produced a significantly elevated
pineal MEL content (vs. NaCl) 2 h later, whether or not the lights
were allowed to come on, i.e., in the presence or absence of light.
Neither NaCl nor ISO groups differed (light wvs. dark). Previous
experience has documented that pineal MEL falls to daytime levels
prior to 0600 h on this schedule (13).

Uninjected controls at 3.75 h into light (or extended darkness)
had the expected low daytime levels. 1In light or darkness, among
the four groups uninjected or receiving NaCl at 4 h into the usual
light phase, there were no differences in pineal MEL content.
Values from uninjected and NaCl-injected animals were pooled
(separately for light and dark) to provide a control estimation for
comparison with respective light or dark values obtained in the
groups injected with ISO at 4 h into the usual light phase. Two h
after this ISO injection, in light or darkness, the relatively
small rise in pineal MEL was significant, as it was 1 h after ISO
in darkness (Fig 1).

In light, 2 h after the later ISO injection, pineal MEL was
lower (P < 0.01) than that seen 2 h after the earlier injection.
Also in dark, the 2-h post-ISO mean was lower (P < 0.001) after the
later than after the earlier injection (Fig 1). Thus, the response
2 h after injection was markedly attenuated after ISO given at 4 h
into the expected light phase (though it was present) compared to
the response after ISO given at 1 h into the usual light time,
whether or not novel darkness extended from the previous night
throughout the duration of the study.

A 2-way ANOVA (with injection time and 1light:dark as main
effects) analyzing pineal MEL 2 h after ISO revealed the effect of
injection time (P < 0.001) and a small effect of light versus dark
(P < 0.05) with use of log-transformed data, suggesting the
possibility of a greater response to ISO in extended darkness.
However, use of untransformed data and the usual (or eveun the
Brown-Forsythe, not assuming equal variances) ANOVA method showed
the effect of injection time, but not of light versus dark. When
a 2-way ANOVA was restricted to post-ISO data after the later
injection and included sampling time after injection and light:dark
as main effects, post—-ISO MEL varied with sampling time (P < 0.05),
but not with light versus darkness, whether or not log—-transformed
data were used.
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FIGURE 1. Mean + SE for pineal melatonin content in Syrian
hamsters in the morning after prior adaptation to a
schedule of 14:10 h (light:dark), with lights—on at 0600
h (light, open symbols). e indicates wvalues from
animals for which nocturnal darkness was extended
throughout the time of the study. Lines extend from the
time of the injection of NaCl or ISO. The control pool
refers to all uninjected and NaCl-injected animals.
**pP < 0.01 vs. subpool of NaCl-injected (taken at 1200
h) and uninjected animals, for 1light or dark,
respectively. ***p < (0.001 vs. NaCl-injected animals
(taken at 0900 h).

DISCUSSION

Figure 2 combines the means from the present data with those
from previous data (9,13) in order to facilitate comparisons
visually among responses 2 h after ISO injection at the end of the
light phase, later during the time of the nocturnal MEL surge, and
in the first part of the usual light phase in male Syrian hamsters
with reference to the normal fluctuation of pineal MEL on a
schedule of 14:10 h (light:dark). Previous results (8), not
specifically addressing the early light phase, showed that after a
single injection in a time period restricted essentially to the
second half of darkness, a response to agonists (including TSO)
occurred and was maximal at 2 h postinjection.
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FIGURE 2. Display of data from Figure 1 in relation to data from
Vaughan et al (9,13) showing the normal endogenous MEL
curve from 2000 h to 1300 h, the response to
isoproterenol (ISO) injected at the end of the light
phase (2000 h), and the response of MEL to light (L) in
the second half of darkness followed by its response to
ISO. The horizontal bar near the top indicates the time
of darkness.

We now show that the response to this ISO stimulus occurs in
the early light phase. At 1 h into light, the stimulus is nearly
as effective as in the dark phase and is much less but still
effective at 4 h into .Light. By the middle of the day and later,
agents with beta—adrenergic activity appear ineffective (5-11) when
responses to various doses in vivo or in vitro are sought for up to
4 h after injection or incubation. This differs considerably from
the situation in rats, in which responses can be obtained even in
the second half of the light phase (10-12), with stimuli that are
ineffective in Syrian hamsters.

In hamsters, neither acute light-induced interruption of the
ongoing nccturnal surge of the endogenous sympathetic signal for
MEL synthesis, nor the normal fall-off of this signal without
ensuing light, nor the fall-off followed by normal morning light
exposure eliminates the pineal response to ISO. This indicates
that control of the termination of the surge of endogenous MEL
synthesis (EMS) is exerted independently of the control for pineal
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responsiveness. The latter is terminated later and appears much
less influenced by light exposure of the animals. Light exposure
can immediately (within 20 min) terminate an EMS surge (Fig 2).
The present in vivo responsiveness to ISO observed even after
spontaneous EMS termination plus normal morning light exposure is
corroborated by a previous observation of an in vitro MEL response
to 4 h of 107 M norepinephrine incubation of pineals taken at 45
min into the normal light phase. The response was of the same
magnitude as that seen in pineals taken at night (after acute light
exposure), but was markedly diminished in those taken at 2.75 h
into light (11). Persistence of responsiveness after light-induced
or spontaneous fall of EMS suggests that control of adrenergic
responsiveness may not normally be exerted through sympathetic
innervation to the pineal, which does control EMS. This notion is
corroborated by onset of nocturnal responsiveness to norepinephrine
even after superior cervical ganglionectomy (8), though this
procedure does block the EMS surge (14). However, ganglionectomy
did not lead to supersensitivity (5,8), again suggesting that
responsiveness itself may be independent of sympathetic input at
the level of the pinealocyte.

However, if hamsters are deprived of darkness (by exposure to
light) for the first 6 h or more of the night, then a response to
agonist (by 4 h) does not develop or is attenuated (8,11) or may be
delayed to 6-8 h after multiple injections (15). Thus, with
consideration also of the results after ganglionectomy which
involved nocturnal darkness before injection and a response 2 h
later, 1light exposure (but not 3just absence of the nocturnal
sympathetic input) may inhibit the onset of sympathetic
responsiveness.

This day/night fluctuation in adrenergic responsiveness in the
pineal apparently depends upon a change at a postreceptor stage in
the response cascade, because 4-h incubations with forskolin, which
bypasses the receptor and directly stimulates adenylcyclase, raised
MEL synthesis only in pineals taken during the time of sensitivity
to ISO (16). Further, the alteration in pineal sensitivity may
occur at a point beyond cAMP. In pineal incubations with a
phosphodiesterase inhibitor, forskolin produced the same elevation
of cAMP in pineals whether taken in the second half of light or the
second half of darkness (17), MEL synthesis rising only in the
latter.

Though a prolonged (8-h) incubation with 50 uM forskolin of
hamster pineals taken at the end of the light phase produced a
small rise in MEL synthesis, a similar incubation begun at 1 h into
the light phase resulted in an 8-fold greater rise (18). This
corroborates the present findings of extension of the sensitive
period into early light in terms of its postreceptor dependence.

Two recent reports show an advancement in the time of the
pineal MEL surge after multiple ISO or forskolin injections in the
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light phase (15,19). This rise apparently could be brought forward
into the end of the light phase (19). Exposure of animals to light
from the beginning of the night did not prevent a rise in pineal
MEL by 6 h after beginning two—-hourly injections of ISO at the

expected onset of darkness (15). Thus, prolonged systemic
beta—adrenergic stimulation may activate whatever factor produces
pineal responsiveness. It is not yet clear how this effect of

exogenous sympathetic agonist may be related to the normal
activation of responsiveness in consideration of the previously
mentioned development and recession of pineal responsiveness
without sympathetic input, observed inhibition of the spontaneous
onset of responsiveness by light, and the apparent postreceptor and
postcyclase level of the determination of responsiveness. However,
three possible explanations are considered.

A lag time for buildup of messenger RNA (mRNA) after onset of
normal sympathetic input from the beginning of the night, before
MEL synthesis responds in the second half of the night has been
hypothesized to explain the normal onset of sensitivity. A similar
mechanism was proposed to explain the response to catechol after
acute light exposure of the animals in the second half of darkness
and the response after prolonged exogenous adrenergic stimulation
in the normal or extended light phase (18). This apparently would
not explain the nocturnal response seen 2 h after injection with
prior interruption of pineal sympathetic input by superior cervical
ganglionectomy. Another difficulty with this hypothesis is that
after acute light exposure given well into the dark phase, MEL
synthesis does not rise again unless the exogenous agonist is
applied at that time. That implies that any buildup of
postreceptor and postcyclase cascade elements from endogenous
adrenergic stimulation prior to the procedure is not present
without re—induction by the exogenous stimulus. More impressively,
the normal falloff of the MEL surge begins at about 2 h before
lights-on and is essentially complete by the time of lights-on,
indicating absence of active mRNA and dependent elements in the
cascade by then. Our present observations of a near normal 2-h
response to ISO given 1 h into light and a small response initiated
after an injection 3 h later, without a major influence of 1light,
suggest control of responsiveness by a mechanism separate from the
sympathetic input at the level of the pinealocytes.

Alternatively, it is possible to hypothesize that
beta—adrenergic influence at other sites (perhaps including distant
or local pineal vascular endothelial cells) may stimulate release
of other agents, e.g., IL 1, TNF, endothelin, nitric oxide,
arachodonate metabolites) that might act (with a delay) on pineal
cells to induce postreceptor postcyclase adrenergic responsiveness
persisting past the time of catechol stimulation of the other
sites. Perhaps greater general sympathetic activation with the
onset of nocturnal motor activity (perhaps blockcd by extension of
daytime 1light) could provide a rise in catecholamines at an
appropriate site in darkness that would provide the stimulus for
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producing the intermediate agent(s) from such a site to induce
adrenergic responsiveness in pineal cells even in superior cervical
ganglionectomized animals.

Another possibility is that glucagon might suppress pinealocyte
catecholamine responsiveness. With little eating during the light
phase, plasma glucagon might be relatively high. The onset of
darkness is associated with initiation of feeding which probably
reduces the need for glucagon to maintain constant circulating
glucose concentration. An eventual fall in plasma glucagon (from
the inhibitory effects both of the increased glucose availability
and the rise of insulin) could allow responsiveness to develop by
the time it usually does. With onset of relative fasting later in
the night or during the day, glucagon would rise and reduce pineal
responsiveness. Prolonged ISO injection during the day may
stimulate glycogenolysis and/or gluconeogenesis as well as insulin
secretion, all perhaps depressing glucagon, allowing eventual
pineal responsiveness to develop. Another version of this
possibility is that insulin might promote pinealocyte sympathetic
responsiveness. Insulin secretion is stimulated by food intake and
ISO administration. This general possibility, related to meals and
pancreatic secretion would seem unlikely with respect to humans,
whose food intake occurs mainly during the day rather than during
the night when the sympathetics stimulate the nocturnal MEL surge.
These and other hypotheses to explain the so far enigmatic rhythm
of pineal adrenergic responsiveness in Syrian hamsters and humans
remain to be tested.
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ABSTRACT

PROJECT NUMBER: 3S162787A874-00, APPLIED RESEARCH
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This double-blinded, randomized, placebo—-controlled,
multicenter study was designed to determine whether the
administration of recombinant human growth hormone could accelerate
wound healing in thermally injured patients. Preliminary data have
suggested that the administration of growth hormone can promote
anabolism in surgical patients. The administration was accompanied
by accelerated wound healing. Burn patients in this study were
randomized to receive either 5 or 10 mg/day of recombinant human
growth hormone or a placebo, with administration commencing on the
day of their first surgery. The rate of donor site healing was
used as an index of the effect of growth hormone on wound healing
in these patients.

At the end of this reporting period, 10 patients from this
Institute had been enrolled in the study. In patients receiving
growth hormone, the administration of either 5 or 10 mg/day of
recombinant human growth hormone resulted in a dose range of
0.05-0.15 mg/kg of ideal body weight. Analysis of the IGF-1
response in these patients indicated the lack of a consistent
response as well as IGF levels not significantly elevated over
control patients until postburn day 14. Since IGF-1 response is an
indicator of growth hormone action, it is hypothesized that this
lack of response may be secondary to inadequate drug dosing. There
was a wide range of donor site healing times among all patients,
ranging from 4-~19 days for the treated group and 8-14 days for the
control group. Again, this lack of response may be secondary to
inadequate drug dosing or the fact that therapy was initiated at
various times following resuscitation. No untoward effects
secondary to administration of recombinant human growth hormone
were noted in this group of patients.
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THE EFFECT OF RECOMBINANT HUMAN GROWTH HORMONE
TREATMENT ON THE RATE OF HEALING ON
BURN PATIENTS WHO REQUIRE SKIN GRAFTING

The development of genetic enegineering techniques has made
available large amounts of naturally occurring peptides. It is now
possible to test the potential of such peptides, some of which may
be clinically wuseful in situations which require tissue
regeneration. This study is designed to evaluate the efficacy and
safety of recombinant human growth hormone on the rate of healing
in burn patients.

The overall effect of growth hormone on protein metabolism is
illustrated by the well documented increase in linear growth that
results from the administration of growth hormone to growth
hormone—deficient children. Growth hormone administration improves
nitrogen balance, increases somatomedin—C levels, and increases
body cell mass in growth hormone-deficient children (1). Growth
hormone also exerts a positive effect on nitrogen balance and
somatomedin—-C in healthy adults (2-4).

Recent studies using methionyl Thuman growth hormone
(Protropin®) in calorie—deprived human volunteers illustrated its
anabolic effect. Hypocaloric parenteral nutrition resulted in
negative balance of nitrogen and potassium. These trends were
markedly reversed when growth hormone was given. Changes in body
weight followed a similar pattern (5).

Stressed patients, whether septic, postoperative, or victims of
burns or trauma, undergo well described metabolic changes that
result in negative nitrogen balance and loss of body protein.
There is evidence that as the catabolic state continues, it results
in decreased resistance to infection, poor wound healing, and in
general, prolonged recovery. When patients cannot eat, nutrients
may be provided by intravenous feedings, but such an approach is
not always successful and parenteral nutrition is associated with
significant side effects.

Investigators have attempted to modify the metabolic response
to stress with hormonal interventions, notably insulin (6),
anabolic steroids (7-8), and growth hormone. Administration of
insulin and anabolic steroids has met with little success and has
not been generally used in clinical practice. Until recently,
growth hormone was not available in sufficient quantity for use as
an anabolic agent. The current availability of biosynthetically
produced human growth hormone has made it possible to explore the
efficacy of this hormone on clinical indications.

A limited number of studies were carried out with pituitary
growth hormone, primarily in burned patients and experimental
animals. Gump et al (9) demonstrated that burned rats receiving
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adequate nutrition and growth hormone did not suffer a catabolic
response, but when the burned rats were starved, they lost weight
at a greater rate than control animals. In 1960, Soroff et al (10)
demonstrated similar positive effects of human growth hormone
administration in patients during the anabolic phase of burn
recovery.

Liljedahl et al (11]) and Wilmore et al (12) both showed that
growth hormone caused a significant improvement in nitrogen and
potassium balance in the postburn period, the latter specifically
with high calorie and protein intake.

The role of growth hormone in postoperative nutrition and
nitrogen loss has been examined in a few studies. Rowe and Kinney
(13) demonstrated an alteration in substrate wutilization in
postoperative orthopedic patients given growth hormone, with a fall
in respiratory quotient and a shift to lipid substrate. Johnston
and Hadden (14) showed no improvement in nitrogen balance after
herniorrhaphy in patients treated with growth hormone compared to
matched controls. However, nitrogen intakes were low, caloric
provision was not measured, and only the immediate postoperative
period was studied.

In recent work, Wilmore et al used methionyl human growth
hormone (Protropin®) to evaluate whether growth hormone can promote
anabolism in surgical patients. Patients (n=9) received a constant
parenteral infusion of a hypocaloric diet which provided 1100
kcal/24 h and 1.3 g/kg/24 h protein for at least 2 weeks. During
one week, Protropin® (10 mg SC) was given daily and the other week
served as the control. Daily balance studies demonstrated that
growth hormone resulted in significant retention of nitrogen (+3.4
g/24 h) and phosphorus (+218 mg/24 h) despite provision of only 60%
of caloric requirements. Six patients received Protropin® daily
(10 mg SC) for up to 25 consecutive days. Significant nitrogen and
phosphorus retention occurred over the entire period of growth
hormone administration and no significant side effects were
observed.

It was the clinical impression of these investigators that the
nitrogen retention associated with growth hormone administration
was accompanied by acclerated wound healing and an apparent
decrease in morbidity and hospitalization time.

It was the purpose of this double-blind, randomized,
placebo—-controlled study to determine whether administration of
recombinant human growth hormone ac<celerates wound healing in
burned patients. Because the heterogeneity of burns makes it
difficult to evaluate healing among patients, this controlled study
focuses on the rate of healing of the patients’ donor graft sites.
However, healing of the primary burn, duration of hospitalization,
and mortality will also be evaluated.
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MATERIALS AND METHODS

Study Design. This is a multicenter, randomized, double-blind
study. Patients are randomized to receive daily subcutaneous or
intramuscular injections of 0.2 mg/kg recombinant human growth
hormone or placebo until the end of hospitalization. Patients are
randomized to treatment or control groups by the Biostatistics and
Data Management Division of Genentech, Inc. (South San Francisco
CA). Groups are balanced for age, cause, and extent of burn.

The "study wound” is a donor site where skin is taken for
grafting. The donor site is part of a planned and necessary
surgical procedure and the care of the donor skin is not greatly
altered from standard techniques. The methods for taking the skin
and caring for the donor site wound are standardized for all
patients. All wounds are inspected and evaluated by one observer.

Number of Patients. Up to 100 patients will be entered into
this study based on eligibility criteria and informed consent. For
purposes of computing statistical power, an average healing time of
12 days for "young" patients and 16 days for "older" patients is
used. A 25% reduction in healing time, 3-4 days, is considered
clinically significant. Assuming a standard deviation of about 3
days after adjusting for age, cause, and extent of burn, a total of
100 patients provides at least 95% power for one—-tail t tests at
the 0.05 a level comparing the treatment and control groups
(including adjustments for multiple comparisons).

Criteria for Admission to the Study. Patients admitted to the
US Army Institute of Surgical Research are offered the opportunity
to participate in this study.

Patient Inclusion. Patients meeting the following criteria
are considered for entry into the study:

1. Male or female patients 2 18 and £ 80 yr old. Female
patients must have been surgically sterilized, be postmenopausal
(> 45 yr old and the lack of menstrual periods for > 1 yr), or have
a negative pregnancy test prior to initiation into the study.

2, Patiernts with flame or scald burns requiring a skin
graft from the anterior upper thigh, buttock, or lateral upper arm.
This site is the "test wound”" and is evaluated for time of healing.

3. Patients with burns < LD,;g, the size of burn at which
75% of the patients die at any particular age, using the US Army
Institute of Surgical Research probit analysis (15).

4, Patients who have undergone successful resuscitation
without major complication.
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5. Patients who are able to take a minimum of 80% of
maintenance energy, protein, and other nutrient requirements by the
enteral or parenteral route.

6. Patients with inhalation injuries are eligible and
may require mechanical ventilation, but a satisfactory PO, and PCO,
will be required on < 60% oxygen.

7. Patients with a prehospitalization weight between 80
and 140% normal body weight as determined from standard tables for
age and sex (Desirable Weight Tables, Metropolitan Life Insurance
Company, 1959).

8. Patients with a single uncomplicated fracture of a
long-bone are eligible.

Exclusion Criteria. Patients with the following
characteristics are excluded from the study:
1. Patients < 18 or > 80 yr old.
2. Patients who are pregnant or nursing.
3. Patients without flame or scald burns requiring a

skin graft from the anterior upper thigh, buttock, or lateral upper
arm.

4. Patients with burns > LD;5, the size of burn at which
75% of the patients die at any particular age, using the US Army
Institute of Surgical Research probit analysis (15).

5. Patients who have had complications wundergoing
resuscitation.
6. Patients who are not able to take a minimum of 80% of

maintenance energy, protein, and other nutrient requirements by the
enteral or parenteral route.

7. Patients with inhalation injuries on mechanical
ventilation with unsatisfactory PO, and PCO, or on > 60% oxygen.

8. Patients with a prehospitalization weight < 80 and
> 140% normal body weight as determined from standard tables for
age and sex (Desirable Weight Tables, Metropolitan Life Insurance
Company, 1959).

9. Patients with associated head injuries which require
specific therapy.

10. Patients with associated injuries to the chest or
abdomen which require surgery or tube drainage.
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11. Patients with multiple fractures.

12. Petients with a history of cancer within 5 yr or
active neoplasia.

13. Patients with insulin—-dependent diabetes mellitus.

14. Patients with renal failure (creatinine > 1.5 .ug/dl).

15. Patients with hepatic disease (bilirubin > 3.0
mg/dl) .

16. Patients with a past history of chronic infection

such as AIDS or tuberculosis.

17. Patients with uncumpensated congestive heart failure.
18. Patients with other chronic 1illnesses such as
arthritis, <cirrhosis, hyperlipidemia, or autoimmune disease

requiring drug therapy.

19. Patients requiring chronic glucocorticoid or
nonsteroidal anti-inflammatory drugs.

20. Patients with an established clinically significant
nonburn wound-related infection.

21. Patients receiving any other experimental drug
therapy within 2 months of the study.

Medication, Dose, and Administration. Recombinant human growth
hormone is supplied for this study as sterile, lyophilized powders
in vials containing 5 mg growth hormone. The placebo consists of
excipient which is identical in appearancc £o the test drug. Each
morning, patients receive 0.2 mg/kg recombinant human growth
hormone or placebo by subcutaneous or intramuscular injection.
Treatment begins as early as possible after resuscitation or
stabilization (regardless of timing of surgery) and continues for
the duration of Thospitalization. Other medications are
administered as needed, including histamine antagonist, insulin,
antihypertensive, cardiac, pain, and sleeping medications.

Wound Care. Graft donor sites evaluated as part of this study
are on the anterior upper thigh, buttock, or upper arm. These are
the usual and preferred sites for taking skin for grafting. Skin
is taken from the site with a dermatome set at 10/1000s of an inch
in thickness and full width. Two designated dermatomes are used
exclusively for patients enrolled in this study. In addition, skin
from the donor site is harvested by only two investigators. Only
the first harvest of a donor site 1is used for this study.
Fine-mesh gauze is applied to all donor sites. Bed cradles are
used to assure trat bed sheets do not displace the fine—-mesh gauze
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and the patient is positioned so that the donor site is exposed to
the air.

Laboratory Studies. Laboratory studies (see Table 1 for the
study plan flow chart) are performed weekly and include complete
blood count, serum chemistries, i.e., glucose, electrolytes, and
liver and renal function tests, acute—-phase proteins, 1i.e.,
transferrin and retinol-binding protein, urinalysis, free
thyroxine, growth hormone antibodies (baseline and last day of
study only), 1insulin levels (for patients not on exogenous
insulin), and pharmacokinetics. Hematology, serum chemistries,
thyroid function tests, and urinalyses are determined for all
patients by Smith Kline Bioscience Laboratories (Philadelphia PA)
and transferrin and retinol-binding protein by the Laboratory for
Surgery Metabolism and Nutrition.

Following the tenth injection, a full 24-h pattern of
endogenous and exogenous recombinant growth hormone levels are
measured. A 3-ml sample is drawn into a standard tube without
anticoagulants (red top) every 4 h and centrifuged, with samplings
scheduled to include a sample drawn approximately 2 h after the
onset of sleep when the usual normal surge of growth hormone
occurs. Samples frozen on dry ice are then shipped to Genentech,
Inc.;, via Federal Express as soon as possible after the sample is
drawn.

Somatomedin—-C, one measure of the index of activity of the
recombinant growth hormone, is measured at each blood draw. A 2-ml
blood sample is drawn into a standard tube containing EDTA (purple
top) and centrifuged. The plasma is then removed and immediately
frozen. Samples frozen on dry ice are shipped to Genentech, Inc.,
via Federal Express as soon as possible after the sample is drawn.

Physical Examinations. Physical examinations are performed
daily and include weight, concomitant medications, vital signs, and
any adverse events.

Nutrition. Near constant nutritional intake 1is provided
beginning on the first postoperative day. This provides at least
80% of energy and protein requirements (calculated by standard
formulae) . The nutrients are provided in the same relative
proportion throughout the study, with protein accounting for 15-25%
total energy, carbohydrate providing 50-80%, and fat providing
3-40%. Additional calories and protein can be provided, but they
are not more than 25% of the estimated total requirements.
Carbohydrate intake does not exceed 6 mg/kg/min (about 600 g/day
for the usual patient). Nutrients are provided by the enteral or
enteral—-parenteral routes throughout the study and the route is
altered according to the clinical course of the patient. Intake is
monitored by the hospital dietitian and nutrition is supervised by
a single nutritionist.
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TABLE 1. Study Plan Flow Chart

Baseline Daily Weekly
Physical examination#* X X
Burn evaluation X X
Vital signs X X
Weight X X
Concomitant medications X X
Nutritional intake X X
Coniplete blood count X X
Serum chemistries X X
Transferrin X X
Retinol-binding protein X X
Urinalysis X X

Free thyroxine

>
<

Somatomedin~C X X

Human growth hormone X X
antibody test

Study medication X

Adverse events X

*Includes graft site evaluation with photographs beginning the
third postoperative day.

End Points.

Donor sites. On the third postoperative day, the wound is
examined by a trained evaluator. The donor site wound is measured
and photographed using a standard camera and distance. Using
sterile technique, each of the four corners of the fine-mesh gauze
is gently lifted to determine if the dressing is adherent tc the
underlying skin. This is done using sterile forceps and minimal
tension. At the end of the examination, the unattached fine-mesh
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gauze is trimmed away with scissors and the dressing
rephotographed. This examination procedure is performed each day
until the fine—mesh gauze is completely removed. Complete removal
indicates complete wound healing. Using the measurements and
photographs, the fraction of the wound covered with fine-mesh gauze
(unhealed) is plotted as a function of time. The time to 90% wound
closure is compared between treatment and control groups.

Primary Burn. The extent of the burn is charted on graphs
developed by the National Burn Information Exchange (16). Second
and 3° burn areas are noted separately. The total area involved is
calculated at the time of the first graft and weekly thereafter.
The fraction of unhealed 2° and 3° sites are plotted as a function
of time for the three treatment groups.

Length of Hospitalization. Length of hospitalization is
defined as the time from admission until hospital discharge.

Nutrition. Nutritional intake 1is determined by daily
calorie counts in patients who are eating spontaneously and/or from
volume of parenteral nutrients.

Infection Rates/Mortality. Infection rates and mortality
are compared among the three treatment groups.

Statistical Analyses. Mortality (survival time) and healing
time of the donor graft site are the primary end points.
Differences between treatment and control groups will be assessed
with respect to mortality using Cox model regression survival
analysis, with age, cause of burn, and extent of burn as
covariates. Differences between treatment and control groups with
respect to healing time of the donor graft site for patients who do
not die will also be evaluated using analysis of covariance, with
age, cause of burn, and extent of burn as covariates.

Healing time of the primary burn site and 1length of
hospitalization are secondary end points, the analysis of which
will be similar to that for healing time of the donor graft site.
Nutritional intake and infection rates will also be secondary end
points for which appropriate comparisons will be made between
treatment and control groups.

Adverse events are tabulated and appropriate comparisons will be
made between treatment and control groups. Laboratory safety data
are tabulated and values outside normal limits identified.

RESULTS
Ten patients from this Institute and 34 patients overall have
been enrolled in this study to date. In patients receiving growth
hormone, the administration of either 5 or 10 mg/day resulted in a
dose range of 0.05-0.15 mg/kg of ideal body weight. Analysis of
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IGF—-1 response in these patients indicated the lack of a consistent
response as well as IGF levels not significantly elevated over
control patients until postburn day 14. Since IGF-1 response is an
indicator of growth hormone action, it is hypothesized that this
lack of response may be secondary to inadequate drug dosing. There
was a wide range of donor site healing times among all patients,
ranging from 4~-19 days for the treatment group and 8-14 days for
the control group. Again, this lack of response may be secondary
to inadequate Jdrug dosing or the fact that therapy was initiated at
various times following resuscitation. No untoward effects
secondary to administration of recombinant human growth hormone
were noted in this group of patients.

DISCUSSION

Because of inconsistent and varied responses to growth hormone
administration as indexed by donor site healing and IGF-1 response,
the design of this study was changed. In an attempt to assure
adequate dosing of recombinant growth hormone, the dose was changed
so that it is now indexed to body weight (0.2 mg/kg). In addition,
instead of starting treatment on the day of first grafting,
patients begin treatment as early as possible following
resuscitation and stabilization, with treatment continuing for the
duration of hospitalization. When 100 patients have been enrolled
in the study, the data will analyzed for the effect of recombinant
human growth hormone on wound healing in thermally injured
patients.
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None.
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ABSTRACT
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High frequency ventilation is being assessed as a therapeutic
modality for the treatment of patients with inhalation injury.
This study is designed to compare the incidence of pneumonia and
the effect on mortality of high frequency ventilation in patients
with an inhalation injury when compared to an historical cohort.
To date, 27 patients have been enrolled in this study, 9 during
this reporting period. There have been 8 deaths in this patient
group, which compares to a predicted number of 8 (95% CL 2-12).
Eight patients developed pneumonia, slightly less than predicted.
Although the present results do not indicate a significant survival
advantage with the use of high frequency ventilation, the incidence
of pneumonia for this group of patients appears to be decreased.
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HIGH FREQUENCY VENTILATION IN PATIENTS WITH INHALATION INJURY

Inhalation injury continues to be a significant occurrence in
the thermally injured patient (1). With the advent of topical
chemotherapy, burn wound sepsis has been greatly reduced. However,
this has been replaced by bacterial pneumonia as the primary cause
of infectious morbidity and mortality stemming from the initial
burn injury. Inhalation injury has been shown to predispose to the
development of bacterial pneumonia, with 38% of patients with
inhalation injury developing pneumonia as compared to 8.8% of those
patients without inhalation injury (2). Furthermore, in this most
recent analysis, it has been shown that inhalation injury
complicated by pneumonia results in a maximum 60% increase in
mortality as opposed to a maximum 20% increase in mortality when
inhalation injury alone is added to burn mortality.

The pathophysiology of inhalation injury is the subject of
active research. Extensive tracheobronchial injury is known to
result from the initial insult, with sloughing of respiratory
mucosa and resultant impairment of the normal mucociliary clearance
mechanism of the tracheobronchial tree. In addition, disruption of
the alveolar capillary membrane results in a protein-rich plasma
exudate in the terminal airway which, coupled with impaired
transport, serves as a setup for bacterial overgrowth and
consolidated pneumonia. Injury to Type II pneumocytes with
impairment of surfactant production contributes significantly to
the pathologic process.

Current treatment modalities for progressive respiratory
insufficiency resulting frcm inhalation injury involve support with
conventional volume—cycled positive pressure ventilators to promote
alveolar ventilation. Supplemental oxygen and standard methods of
tracheobronchial toilet are also employed. Additionally, systemic
antimicrobial treatment, as dictated by results of cultures and
sputum microbiology, are administered to patients who develop
clinical pneumonia.

Unfortunately, the outcome observed with conventional
mechanical ventilatory management is usually one of ever worsening
pneumonia. A documented spiral of pulmonary dysfunction ensues
with progressive pulmonary shunting and carbon dioxide retention,
necessitating ever increasing minute ventilation. Difficulty in
arterial oxygenation necessitates administration of toxic levels of
oxygen. Decreasing pulmonary compliance results in excessive peak
airway pressures to maintain alveolar ventilation. This adds
significant barotrauma which may cause further airway damage.

A means of pulmonary support which would more effectively aid
in the recovery from the initial insult would be of great clinical
benefit. An alternative to the current method of ventilatory
support which has proven to be of some benefit in oth.r settings
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requiring artificial ventilation has been the high frequency

ventilator (3-4). This technique is approved for use where large
pulmonary air leaks preclude adequate ventilation with conventional
techniques, e.g., bronchopleural fistulas (5). This method has

also been shown to be efficacious during operative procedures where
a quiet operative field is of benefit (6), to prevent deoxygenation
during tracheal suctioning (7), in the treatment of aspiration (8),
while performing endotracheal tube changes (9), and during
laryngoscopy (10).

High frequency ventilation (HFV) has been reported to be
effective in a number of clinical and laboratory trials (11-12).
This technique employs tidal volumes less than physiologic dead
space (1-5 ml/kg) at rapid respiratory rates (1-15 hertz) as
compared to conventional ventilation which employes high tidal
volumes at low frequencies. The wutility of this method of
ventilatory support is still being defined, but several potential
advantages over conventional ventilation exist in the burn patient.
For a given level of PEEP, peak airway pressure is significantly
less for HFV than conventional ventilation, thus conceivably
reducing the risk of barotrauma (2,13-15). Also, smaller
fluctuations in peak airway pressure and mean airway pressure
associated with HFV may have less effect on hemodynamic function.
Oxygenation is also improved, presumably secondary to increased
diffusion, which permits use of lower levels of inspired oxygen.
Additionally, recruitment of collapsed alveoli is prompted by the
oscillatory nature of the inspired breaths in association with the
use of PEEP. Limited clinical experience with HFV in burn patients
has shown that clearance of secretions from the tracheobronchial
tree is dramatically increased when a patient is converted from
conventional ventilation to HFV. Increased turbulence of flow has
been postulated as the responsible mechanism. Conventional
ventilation, on the other hand, delivering large tidal volumes at
high pressures only drives these secretions farther into lower
airways, exacerbating the pneumonitic process. The ability to
ventilate burned patients with inhalation injury at lower gpeak and
mean airway levels, lower levels of PEEP, and lower FIO, while at
the same time enhancing clearance of secretions and improving
recruitment of collapsed alveoli should at the very least limit the
compounding damage normally superimposed by conventional
ventilation on the initial insult. Whether this will allow the
lung to recover more quickly and reduce the incidence of pulmonary
complications is unknown.

The objective of this study is to evaluate the effect of HFV in
the treatment of respiratory failure in patients with inhalation
injury with respect to incidence of pneumonia, time of initial
onset and duration of pneumonitis, total duration of ventilatory
support, and the age- and burn size—adjusted mortality.
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MATERIALS AND METHODS

Patient Population. Up to 50 patients will be enrolled in this
study based on eligibility and informed consent.

Criteria for Admission to the Study. Patients admitted to the
US Army Institute of Surgical Research with evidence of inhalation
injury are offered the opportunity to participate in this study.

Patient Inclusion. Patients meeting the following criteria
are considered for entry into the study:

1. Male or female patients 2 18 yr old. Female patients
are previously surgically sterilized or postmenopausal (> 45 yr of
age and the lack of menstrual periods for > 1 yr) or have a
negative pregnancy test prior to initiation into the study.

2. Patients admitted to the Institute within 48 h postburn.
Patients aeromedically transferred who were previously on
conventional ventilatory support are eligible for entry if the
total duration of ventilatory support was < 48 h.

3. Patients with a history of inhalation injury confirmed
by xenon lung scan or bronchoscopy. All patients with a positive
xenon lung scan have a bronchoscopy.

4. Patients with a clinical need for ventilatory support as
deemed appropriate by current clinical practice.

Patient Exclusion. Patients with the following
characteristics are excluded from the study:

1. Any patient < 18 yr old.

2. Any patient admitted to the Institute > 48 h postinjury.

3. Any patient without confirmed inhalation injury.

4. Any pregnant patient.

5. Any patient being treated with antibiotics for diagnosed
pneumonia. Administration of prophylactic antibiotics does not
exclude entry into the study.

Procedure Prior to Patient Entry. Any patient deemed
eligible based on the above criteria have the following documented
prior to initiation of the study:

1. A history and physical examination.

2. A chest roentgenogram within 24 h.
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3. Arterial blood gases within 6 h.
4. Sputum culture and microscopic examination within 24 h.
5. Informed consent.

High Frequency Percussive Ventilator. High frequency percussive

ventilation (HFPV) is delivered by a high frequency pulse generator
(Bird Space Technologies, Percussionaire Corporation, Sand Point,

ID) . Gas from the high frequency pulse generator is delivered
throngh a nongated sliding venturi connected to a standard
endotracheal tube. The venturi entrained humidified gas from a

fresh bias flow provided from the ventilator. The system combines
a series of high frequency sub—-dead space volume breaths with a
variable I:E ratio. Initially, the I:E ratio for the subtidal
volume breaths is 1:1. Periodic interruption of high frequency
pulsatile flow is programmed to allow return of airway pressure to
baseline CPAP. The ratio of the duration of the percussive phase
to the duration of baseline CPAP is adjusted as a means of
manipulating oxygenation and CO, elimination. Additionally, peak
airway pressure can be adjusted to maintain adequate CO,
elimination. fhe frequency of the sub—-dead space breaths is
maintained between 200-600 breaths/min. FIO, and PEEP are adjusted
to maintain an O, saturation > 90%.

Study Design. 1Initial HFV support is established with a high
frequency, flow interrupter-type ventilator. No other
modifications are made in the patient’s care. Fluid resuscitation
is managed as clinically indicated and nutritional support is
provided to meet increased metabolic demands. Excision and
grafting of the burn wound is carried out as clinically indicated.
As is the routine in patients with purulent sputum and physical
findings suggestive of pneumonia, a chest roentgenogram is obtained
and sputum or endotracheal secretions are examined by culture and
Gram stain. Patients exhibiting clinical signs and symptoms of
respiratory tract infection and characteristic pneumonic
infiltrates on chest roentgenogram receive antibiotics, with
modifications in therapy based on clinical and microbiologic
criteria.

The recent experience with inhalation injury in 373 patients
during a 5-yr period at this Institute was reviewed (3). The
specific contribution of inhalation injury and pneumonia to zge-
and burn size-dependent patient mortality was defined in tiiis
population using multiple logistic regression analysis. In
addition, postburn day of diagnosis of pneumonia in patients with
inhalation injury and those without inhalation injury was defined.
In the present study, we will determine how HFV affects outcome
after inhalation injury with respect to these well defined factors
in comparison to the historical cohort wusing conventional
ventilation. The incidence of pneumonia will be related to burn
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size by appropriate burn size stratification within the study
group.

RESULTS

Twenty—seven patients were enrolled into this prospective study
of the use of HFPV in patients with inhalation injury from March
1987 to September 1988. The predicted mortality was 8 patients,
with an actual mortality of 8 patients. Eight patients developed
pneumonia, slightly less than the predicted incidence.

DISCUSSION

When inhalation injury accompanies cutaneous burns, mortality is
disproportionately higher than that predicted by the extent of
cutaneous injury alone (16). This synergistic effect is most
apparent in patients with burns associated with a 40-60% mortality.
Inhalation injury alone results in a maximum 20% increase 1in
mortality. The incidence of bacterial pneumonia is greatly
increased by the presence of inhalation injury, with 38% of
patients with inhalation injury developing pneumonia as compared to
8.8% of burn patients without inhalation injury. When inhalation
injury was moderate to severe, i.e., diagnosed by bronchoscopy, 48%
developed pneumonia. The addition of pneumonia to inhalation
injury results in a maximum 60% increase in mortality for this
group of patients (2).

The pathophysiology of inhalation injury is complex and not
fully understood. Extensive tracheobronchial injury may result in
sloughing of the respiratory tract mucosa and impairment of the
normal mucocilliary clearance mechanism. Slough of the mucosa
results in cast formation which obstructs moderate—sized airways,
leading to distal atelectasis, or a ball-valve effect, leading to
distal air trapping and increased barotrauma. Disruption of
endothelial and epithelial integrity permits exudation of
protein-rich plasma into terminal airways which serves as media for
bacterial overgrowth and subsequent development of pneumonia.
Injury to Type II pneumocytes impairs surfactant production and
contributes significantly to the pathologic process. The
parenchymal changes are associated with hypoxemia and hypercapnia
due to the shift of the V/Q relationship to the left, i.e., an
increase in lung segments with V/Q ratios > 0 but < 1. This change
in V/Q has been adequately documented in animal models of
inhalation injury (17).

The goal of any new treatment regimen for inhalation injury
should be the reversal of these pathophysiologic changes. A second
and equally important goal is that the treatment causes no further
injury. For patients with moderate to severe injury who require
mechanical ventilation, current conventional ventilators do not
accomplish either of these goals. Clearance of secretions is not
enhanced, and the complications of high inflation pressures and
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high FIO, compound the existing injury. The goal of ventilator
therapy should be adequate oxygenation on a nontoxic FIO, and CO,
clearance at the lowest possible inspiratory pressures, with
maintenance of functional residual capacity above closing volume.
Better clearance of secretions and a shift of the V/Q mismatch back
to the right are also desirable. Various reports have concluded
that high frequency ventilation may accomplish all of these goals
(13,18-23).

The major characteristics of HFV include a ventilatory frequency
> 60 breaths/min, tidal volumes of less than dead space, lower peak
airway  pressures than conventional ventilation, positive
endotracheal pressures throughout the ventilatory cycle, lower
transpulmonary pressures than in conventional ventilation,
increased FRC, possibly less circulatory interference than with
conventional ventilation, and more efficient pulmonary gas
distribution than with conventional ventilation (20). These
characteristics of HFV should make it the ideal form of ventilatory
support for patients with significant inhalation injury but it
should be noted that each of these reported advantages has been
refuted in various reports (24-26).

The safety of HFV has been documented in several reports. Its
use in postoperative general surgery and cardiac surgery patients
has demonstrated no untoward hemodynamic effects (27). Peak airway
pressures and mean airway pressures are reduced and several studies
have demonstrated decreased pulmonary shunt flow with the use of

this type of ventilatory support. Two recent reports have
documented the effectiveness of short—term salvage use of HFV in
patients with ARDS (19,20). Oxygenation was improved and adequate

CO, clearance was maintained in each patient.

Carlon et al (11) reported a series of 309 patients who were
randomized to high frequency jet ventilation or conventional
ventilation, respectively. Mortality from underlying disease was
quite high in that study; however, the pulmonary dysfunction was

not severe. Mean ventilator time was 2.5 days. Peak airway
pressures were lower in the HFV group as compared to the
conventional ventilation group. There was a 4% incidence of

barctrauma in each gorup. Overall outcome did not differ between
the two groups. Standard high frequency jet ventilation at a rate
of 100 breaths/min and an I:E ratio of 1:2 was used in each
patient. The only manipulated variable was driving pressure. 1In
an attempt to standardize the ventilatory support for each patient,
the versatility of high frequency jet ventilation was not utilized,
i.e., frequency and I:E ratios were not altered to obtain the best
possible result.

HFPV is an exceptionally versatile form of HFV in which high

frequency subtidal breaths are superimposed upon conventional
ventilation (Fig 1). This ventilator combines the entrainment
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Representative wave form tracings from proximal
airway using HFPV. A, Standard wave form with

periodic interruption of pulsatile flow. Note
reverse I:E ratio. B, Standard wave form with
higher inspiratory pressures and increased
convective gas flow. C, Standard wave form with

institution of oscillatory PEEP during period of
interruption of pulsatile flow.
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mechanism of high frequency jet ventilation with the ability to
manipulate airway pressure in a phasic manner.

The results from the prospective use of HFV in this study are
favorable. The degree of pulmonary insult was moderate to severe
in all patients as assessed bronchoscopically. Using data
collected from an historical cohort treated at this Institute
between 1980-5, one would predict an approximate 40% mortality for
this group of patients (2). Additionally, approximately one-half
of the patients should have developed pneumonia. In actuality, all
patients survived and only 8 patients developed pneumonia during
their hospital course. Although no firm conclusions can be drawn
because of the small number of patients, a favorable trend is
noted. To determine whether HFV significantly improves survival,
approximately 50 study patients will be needed.

The results of this study support but do not confirm the
opinion that HFV is effective in the treatment of patients with
severe ARDS. Although it is unlikely that HFV represents a panacea
for all forms of respiratory failure, the results suggest that HFV
will be useful in the treatment of patients with severe inhalation
injury. These patients were different than those with severe ARDS
in that the insult was acute in nature, and given the proper
circumstances, should heal in 10-21 days. If during this period of
spontaneous airway repair one can provide adequate ventilatory
support, not increase the risk of barotrauma, and at the same time
facilitate clearance of airway secretions and debris resulting from
the injury, one may be able to decrease the morbidity and mortality
associated with inhalation injury.
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ABSTRACT
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An electronic device capable of measuring finger joint
stiffness has been developed and used to evaluate the effects of
dynamic flexion splinting on the recovery of joint motion in
patients with burned hands. The device locates an angle of primary
(greatest) resistance and the reactive torque at that angle for a
selected joint. Using the device, 4 subjects with stiff hands were
measured before and after dynamic splinting treatments. During the
3-day treatment period, there were statistically significant
differences in the angle of primary resistance (P < 0.0001) and
reactive torque (P < 0.001). This initial trial suggests that
finger stiffness can be quantified in terms of reactive torque as
well as joint excursion; dynamic rubber-band flexion splinting does
alter joint condition, allowing increased motion; the amount of
initial joint stiffness may be an indicator of treatment outcome;
and increasing treatment time may not enhance outcome.
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QUANTIFICATION OF DYNAMIC SPLINT FORCES
ON METACARPOPHALANGEAL FUNCTION RECOVERY

Stiffness of hand joints with functional impairment is a
frequent complication following burn injury. In addition to tissue
damage from the original injury, prolonged edema and subsequent
immobilization following skin grafting contribute to loss of
motion. While protection of the extensor hood mechanism of the
proximal interphalangeal 3joints is of major importance in the
management of the severely burned hand (1), metacarpophalangeal
(MCP) joint mobility must also be maintained. Loss of motion at
these joints can severely limit hand function, as they serve to
position the distal phalanges to perform full opening or closing of
the hand as well as all other manipulative motions. Following burn
injury, the MCP joints are subject to the development of stiffness
from scarring over the collateral ligaments and adhesions of the
dorsal synovial pouch, extensor tendon, and volar plate (2).
Maintaining and, if necessary, regaining MCP joint motion is one of
the primary goals of rehabilitation of the burned hand.

Dynamic splinting is commonly used in burned hand
rehabilitation (3-6). This type of splinting uses an outrigger,
rubber bands, and finger slings to apply moderate force to a joint
for an extended period of time. Because human tissues are
viscoelastic, they respond to the forces applied by a dynamic
splint in specific ways (7). If force is applied for a short
period of time, the tissue will display an elastic response in
which it will be elongated but recover its initial shape when the
force is released. If the force is of low magnitude and prolonged,
the tissue will display a plastic response and remain elongated
after removal of the force. This elongation is thought to be a
result of cell proliferation and reorientation in the stressed
tissue (8).

Elongation of the tissues surrounding an impaired joint allows
increased joint motion which can be measured with a goniometer.
This angqular measurement alone, however, does not describe the
stiffness of the joint. Joint stiffness is a measure of the
joint’s resistance as it is moved through a given range—of-motion.
Currently, there is no reliable objective method to measure joint
stiffness in the hand. The treatment outcome of splinting and
other rehabilitation procedures is therefore generally measured in
terms of joint excursion without reference to the force required to
achieve that excursion. An additional problem concerns the
selection of the force 1levels applied with dynamic splints.
Splinting force levels are based primarily on subjective judgment
of the therapist as modified by the need to avoid local tissue
ischemia resulting from finger—sling pressure. Splinting
procedures continue to be more an art than a science. The ability
to quantify the stiffness of a joint and surrounding tissue could
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lead to a better understanding of the effects of dynamic splinting
and to the development of objectively based treatment protocols.

The objectives of this study are to develop an instrument to
quantify joint stiffness in burned hands and to measure the effects
of different treatment protocols on recovery of range of motion in
impaired MCP joints.

MATERIALS AND METHODS
A device capable of concurrently producing and measuring forces

similar to those applied to a phalanx by a dynamic splint was
designed and constructed. The complete system consists of a dorsal

thermoplastic wrist control splint that supports an
electromagnetically controlled hydraulic piston linked to a finger
"cradle" (Fig 1), a single-board microcomputer configured to

control the position and rate of movement of the piston, and a
lap—-top computer that serves as a master controller and provides
data logging and analysis functions. The system (Fig 2) was
configured to apply a torque at a constant 90° angle to the
proximal phalanx which would match the reactive torque being
generated by the involved joint. Because the joint tissue
components are viscoelastic, the loading rate was kept constant
(0.5°/sec) for all applications. As the phalanx was moved through
i-s range-of-motion, the resulting curve of reactive torques
(measured in inch pounds) and their associated angular locations
were recorded. The first measurement logged was the angle at which
initial resistance was encountered. The computer then calculated
the rate of change (torque/°) and located the point at which the

largest change occurred. This point was called the point of
primary resistance and, along with its corresponding reactive
torque, was selected to characterize joint stiffness. Figure 3

shows the shape of the torque and angle curve and location of the
angles of initial and primary resistance for a noninjured MCP
joint.

Four male patients with a total of 20 stiff MCP joints
following burn injury participated in the initial trial of the
device. After obtaining informed consent, each patient’s joints
were measured with the device and, on the basis of initial values
of primary resistance, each joint was assigned to either a high or
low stiffness group. The division of the stiffness groups was
arbitrarily defined by the midpoint of the range of initial of
resistance values. The joints were evenly assigned to the groups
so that the half with the highest angle, i.e., greater motion
before reaching their point of primary resistance, were placed in
the low stiffness group and the remainder to the high stiffness
group. The patients within each of the stiffness groups were then
randomly assigned toc onec of two treatment groups. Each group
received dynamic flexion splinting of the MCP joints with a ventral
rubber-band-powered dynamic splint exerting 400 g of force on each
joint. Group I received 1 h of treatment per day and Group II

100




*9DIADpP JUSWSINSEOW SSIUIJI T3S

jutol asbutrj o1UOa3IDAT]T

‘T 39NOId

101




Computer

Torque

Reactive Torque
Measurement

Angle

Reactive Microprocessor

Force

FIGURE 2. Mechanical and electronic components of the finger joint
stiffness measurement device. A microprocessor controls
an electric motor which applies force to a finger
through a hydraulic piston system which concurrently
measures the resistance of the joint. A computer
calculates the angle of the joint from the motor
actuator arm, logs the data, and generates a torque and
angle curve for the measured joint.

received 1 h of treatment twice daily. Each patient received 3
days of treatment; measurements of primary resistance were taken
before and after each session. On day 6, after 2 days of no

splinting, a fourth measurement was taken to assess the effects of
discontinuing treatment.

Statistical Analysis. Two-way ANOVA of treatment days and the
variables, angle of initial resistance, angle of primary
resistance, and reactive torque was performed.

RESULTS

Figure 4 shows the plots of the primary resistance points for
the 20 fingers for treatment days 1-3 compared with day 6. The
shifting of the points to the right over the three treatment days
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suggests a decrease in joint stiffness. On day 6, however, the
points of primary resistance shifted back to the left, indicating
a return to pretreatment levels of stiffness. The ANOVA among
treatment days and angles of initial and primary resistance and
reactive torque demonstrated significant differences. There was a
mean increase of 6.8° in the initial angle of resistance between
treatment days 1 and 3, followed by a decrease of 2.3° after 2 days
of no splinting (P < 0.0001). The mean angle of primary resistance
increased by 15°, then decreased by 3° (P < 0.0001). Mean reactive
torque increased by 2.3 inch pounds between days 1 and 3, then
increased an additional 1.7 inch pounds between days 3 and 6 (P <
0.001). Figure 5 compares the change of mean values of the three
variables over the treatment period. There was an increase in all
three variables over the treatment days. There was also a change
in the relationship between the angle of primary resistance and

reactive torque. On day 1, the angle of primary resistance was
less than reactive torque. On day 2, they were equal and, by day
3, the angle of primary resistance was greater. A Duncan

multiple—-range test comparing the high and low stiffness groups for
differences in treatment days, angular position of initial
resistance, reactive torque, and length of treatment time was
performed. There were statistically significant differences
between the low and high stiffness groups in angular position of
primary resistance (P < 0.05) and reactive torque (P < 0.0001).
There were no significant differences between the 1- and 2-h
treatment groups.

DISCUSSION

The results of this initial trial of a finger joint stiffness
measurement device showed that splinting effect: can be measured in
terms of joint stiffness (reactive torque) as well as range of
joint motion. Normal joints demonstrate minimal reactive torque
through the majority of their excursion but a rapid increase in
torque at the end of the range. Impaired joints show an increase
in torque much earlier in the range of motion. In treating
impaired joints, the desired treatment effect would therefore be to
decrease reactive torque during the maximal range—of-motion. Data
from the three treatment days suggest that while dynamic flexion
splinting of the MCP joints does increase joint range—-of-motion,

reactive torque also increases. It is, however, interesting to
compare the rate of change. The angle of primary resistance
increased at a faster rate than reactive torque. It is possible

that this was an early indication of the viscous tissue in which
the elongation of joint structures allowed increased excursion
without matching reactive torques. The loss of joint motion
following the termination of treatment on day 3 supports previous
clinical observations that short—-term treatment effects are
generally temporary. The significant differences in posttreatment
joint stiffness between the low and high stiffness groups further
suggest that the initial stiffness of a joint may be an indicator
of treatment outcome. While an optimum duration of treatment was
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not defined, the lack of significant change in joint stiffness as
the result of treatment frequency does suggest that increased
treatment time may not necessarily enhance outcome.

While this trial of the splint-monitoring device was limited in
subject number and study duration, the results suggest that the
study of hand joint function and postinjury recovery may be
enhanced by analysis of reactive torque as well as range of joint
motion. The device will be used to document Jjoint motion
characteristics of noninjured and injured joints, outcome
comparisons of a variety of hand treatment modalities and,
ultimately, the dynamic splint force levels and treatment durations
required for optimum hand rehabilitation.

PRESENTATIONS/PUBLICATIONS

Luster SH: An evaluation device for quantifying Jjoint
stiffness in the burned hand. Presented at the 21st Annual Meeting
of the American Burn Association, New Orleans, Louisiana, 31 March
1989.
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We studied the effects of granulocyte—macrophage
colony-stimulating factor in burn patients. Serial measurements of
granulocyte oxidative function were obtained in treated patients
and in a group of controls matched for age and total burn size.
The administration of granulocyte-macrophage colony—-stimulating
factor resulted in a 50% increase in mean leukocyte counts. Both
groups showed significant baseline increases in granulocytic
cytosolic oxidative function. Treated patients showed normal
stimulated cytosolic oxidative function, which was significantly
depressed when compared with that of untreated patients (P < 0.05).
Myeloperoxidase activity was increased in treated patients during
the first postburn week but then declined to normal levels.
Untreated patients had a significant increase in myeloperoxidase

activity for the first 3 weeks following injury. Untreated
patients exhibited a significant decrease in superoxide activity
during the second 3 weeks following injury (P < 0.01). Treated

patients demonstrated normal superoxide activity.
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PHASE II STUDY OF HUMAN RECOMBINANT GRANULOCYTE-MACROPHAGE
COLONY-STIMULATING FACTOR IN PATIENTS WITH THERMAL INJURY

Improvements in fluid management, wound care, and nutritional
support have markedly reduced early mortality from thermal injury,
but significant late mortality persists. Burn—induced defects of
the immune system appear to contribute to late mortality, which is
primarily due to infection and sepsis.

Although the specific cause of the immune dysfunction following
thermal injury is unknown, both qualitative and quantitative
defects have been noted in all limbs of the immune system (1-13).
Defective migration, phagocytosis, and degranulation have been
described as manifestations of granulocyte dysfunction. In
addition, burn serum contains an inhibitor of complement conversion
which may cause opsonization failure that further inhibits
neutrophil function (14). Such granulocyte dysfunction may
contribute significantly to the marked predisposition to infection
(15) .

Granulocyte—-macrophage colony—-stimulating factor (GM-CSF) is a
lymphokine first described nearly 20 years ago. Not only does
GM-CSF stimulate the proliferative potential of granulocyte and
macrophage progenitor cells in the bone marrow, but it also
stimulates various functional activities of mature cells. 1In the
presence of GM-CSF, macrophages are stimulated to secrete
plasminogen—activating factor (16) and also exhibit increased
phagocytic and cytocidal activity for bacteria, yeast (17), and
malignant cell lines (18). Granulocytes increase RNA and protein
synthesis and exhibit increased antibody-dependent cytotoxic
killing of tumor cells and enhanced oxidative metabolism in the
presence of GM-CSF in wvitro (17,19-22),. Recombinant GM-CSF
(rGM-CSF) stimulates mature neutrophils to augment cell surface
antigenic expression as well as increase their phagocytic activity,
synthesis of biologically active molecules, and expression of
various cell surface markers (23).

In a group of patients with thermal injury, a comparison of the
serum levels of hematopoietic colony-stimulating factors (CSFs) has
shown distinct differences between survivors and nonsurvivors (24).
The nonsurviving patients demonstrated an inappropriate lag in the
generation of CSF early in the course of burn injury and
inappropriately low levels of the factor even in the presence of
documented sepsis. This aberrant response was associated with a
relative failure of granulopoiesis. Further studies have
demonstrated that serum from patients with thermal injury inhibits
the in vitro production of CSFs by mononuclear cells (25).

The multiple defects in granulocytic function and the decreased
levels of CSFs following lethal thermal injury suggest that a
beneficial effect on granulocyte number and function might result
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from the administration of CSFs. Our study was designed to
determine the safety of the administration of human rGM-CSF in
patients with thermal injury.

MATERIALS AND METHODS

Patient Population. Patients with burns over 20-70% of the
total body surface area were eligible for enrollment in the study.
Patients with inhalation injury diagnosed by xenon 133 lung scan
but having no bronchoscopic evidence of upper airway injury were
also eligible for enrollment. Bronchoscopic evidence of inhalation
injury resulted in exclusion from the study. All patients were
admitted within 48 h of injury and underwent uneventful
resuscitation to be eligible for the study. Routine care was not
altered. 1In all patients, silver sulfadiazine was applied once
daily. Patients treated with other 1lymphokines, prophylactic
antibiotics, or corticosteroids were excluded from the study,.
Data from patients with thermal injury admitted during the same
time period but not enrolled in the study and a group of healthy
laboratory controls were obtained for comparison with the treated
patients.

Human rGM-CSF. Nonglycosylated human rGM—-CSF was obtained from
the bacterial fermentation of a strain of Escherichia coli bearing
a genetically engineered plasmid containing the human GM—-CSF gene.
The product is a highly purified, sterile, stable, water-soluble
protein with a molecular weight of 14,477 d. The GM-CSF was shown
to be biologically active in the KG-1 cell proliferation assay and
a colony-stimulating assay that employed bone marrow cells.

Drug Administration. Patients were administered 3 or 10 ug/kg
of human rGM-CSF intravenously over 4-h period. Treatment began
within 5 days of injury and continued for a minimum of 2 wk or
until a Grade 3 or 4 toxic reaction developed. All potential
adverse effects were recorded on the following scale: 1 = mild,
2 = moderate, 3 = severe, and 4 = life—threatening. Any patient
who experienced a Grade 3 or 4 toxic reaction that was deemed
attributable to the human rGM—-CSF received no further treatment
until the adverse reaction resolved. The patient was then
retreated at a dosage not more than 50% of the original dose.
Recurrence of the same toxic reaction necessitated withdrawal from
the study. In patients who exhibited a WBC count > 50,000/cm3,
subsequent doses of the lymphokine was withheld until the WBC count
decreased to < 30,000/cm3. Administration was then resumed at a
dose of 30-50% of the original dose.

In vitro Testing. CBCs were obtained daily from each patient.
In vitro granulocyte function tests were performed twice daily
during treatment up to 3 wk following cessation of the lymphokine.
Granulocytes were isolated from heparinized whole blood by
Ficoll-Hypaque gradients. Cells passing through the gradient were
recovered from the cell pellet. Contaminating RBTs were removed by
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hypotonic lysis. The cell pellet from the Ficoll-Hypaque gradient
was resuspended in 50 ml HBSS, spun at 2250 g for 10 min, and 3 ml
of the buffy—-coat removed and placed in a 50-ml conical centrifuge
tube. Distilled water (20 ml) was added during agitation of the
sample on a vortex mixer. After 20 sec, 20 ml of hypertonic (2X)
HBSS was added, the cells centrifuged at 200 g for 10 min, and the
supernatant removed. The cells were suspended in 2 ml HBSS and
transferred to a 15-ml conical centrifuge tube. A second lysis was
performed by adding 4 ml distilled water for 20 sec, after which 4
ml of 2X hypertonic HBSS was added to restore 1soton1c1ty The
cells were suspended at a concentration of 1 X 10® cells/ml in 1 ml
of barbital buffer (pH 7.25) (26). 2’7’ —-dichlorofluorescein
diacetate (DCF~DA, at a final concentration of 5 uM) was added to
each sample and incubated for 20 min at 37°C to allow DCF-DA to
enter the cells. Whereas DCF-DA easily permeates the cells where
the acetyl groups are hydrolyzed to 2’,7’-dichlorofluorescein
(DCF), the DCF is too polar to pass through the plasma membrane and
is effectively trapped within the cell. When oxidized by peroxide,
DCF becomes highly fluorescent and the measurement of this
fluorescence serves as an index of cytosolic peroxidative activity.
Cell fluorescence was measured by flow cytometry. The mean
fluorescence of 10,000 cells was calculated for each data point.
For an initial fluorescent measurement, cells were incubated for 20
min with and without phorbol myristate acetate (PMA, 700 ng/ml) as
stimulant. Measurements were recorded as log fluorescence and were
compared to values obtained from granulocytes from healthy
volunteers.

Additional studies of granulocyte oxidative metabolism were
performed using two chemilumigenic probes, luminol, and dimethyl
biacridinium dinitrate (DBA) (26). Heparinized whole blood was
diluted 1:10 in HBSS (pH 7.2). Aliquots (20 Ml) of diluted whole
blood were added to 2 ml barbital buffer solution in siliconized
glass vials. The appropriate chemilumigenic probe was then added
to each sample and three prestimulation background measurements
were performed. All measurements were made at 25°C in a liquid
scintillation counter set for photon counting. Saline, PMA (350
n/ml), or zymosan, a 6.25 mg/ml preopsonified guinea pig serum was
added to the vial and luminescence was measured at 13-min intervals
for 2 h. The total luminescence produced in each sample was
calculated from the light—-intensity measurements by trapezoidal
approximation. The values obtained for luminol correspond to the
total oxygenation events produced primarily by myeloperoxidase.
The values obtained when DBA was used as a probe corresponded to
the total oxygenation events produced by extracellular superoxide
anion and other oxidative species.

Statistical Analysis. Differences between groups were analyzed
with use of the t test and ANOVA, with post—hoc testing, whenr
appropriate, with use of the BMDP statistical package (University
of Califorria, Berkeley, CA).
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RESULTS

Ten patients with a mean age of 28.6 yr and mean burn size of
37% were enrolled in the study. 1Individual patient data, including
the dose of human rGM-CSF, and the duration of treatment are
outlined in Table 1. Two patients, both with inhalation injury,
died, for a mortality rate of 20%. Fourteen patients with thermal
injury with a mean age of 30.5 yr and mean burn size of 36%,
admitted during the same time period, were used as nonrandomized
controls for comparison of oxidative metabolism data. There was no
statistical difference between the two groups of patients with
respect to age, burn size, and mortality rate, although a greater
proportion of untreated patients had inhalation injury (Table 2).
Grades 1 and 2 adverse effects were common. Seven patients
complained of pruritus, 4 demonstrated pyrexia with human rGM-CSF
administration, 2 complained of back pain, and 1 experienced
pleuritic chest pain. Acute parostitis and a subcutaneous abscess,
which required incision and drainage, occurred in 1 patient each.

Blood Count Data. Patients receiving human rGM-CSF
demonstrated a significant increase in total WBC count during the
second postburn week as compared to the first, third, fourth,
fifth, sixth, and seventh postburn weeks (Fig 1). One patlent
receiving 10 pug/kg of human rGM-CSF had a WBC count > 50, 000/mm3
during the second postburn week. The lymphokine administration was
discontinued for 2 days, during which time the WBC count decreased
to 26,000/mm®>, and treatment was resumed at 3 ug/kg/day. The
majority of treated patients demonstrated a relative decrease in
their WBC counts during the third postburn week despite continued
administration of human rGM-CSF. Compared to the untreated
patients with thermal injury, the patients receivino human rGM-CSF
exhibited a significant elevation in their WBC counts only during
the second postburn week. The percentage of granulocytes was not
different between treated and untreated patients with thermal
injury during the first three weeks. However, on cessation of the
human rGM-CSF administration, a significant decrease in the
percentage of granulocytes was noted in the treated patients
compared with the untreated burn patients (63.5% vs. 80.9%) (Fig
2). The percentage of PMN cells was not different during treatment
but decreased significantly during the fourth postburn week
compared with untreated patients (43.3% vs. 71.2%), accounting for
the difference in the granulocyte percentages (Fig 2). No
statistically significant differences between treated and untreated
patients were noted in the percentage of monocytes, lymphocytes,
myelocytes, or band forms either during or after treatment,
although patients receiving the cytokine tended to have an
increased percentage of band forms and myelocytes during treatment.

Dichlorofluorescein Oxidation. No significant difference in
baseline unstimulated cytosolic oxidative activity was noted
between the two patient groups although both were significantly
higher than values for unburned controls (Table 3). Patients
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TABLE 2. Comparison of Treated and Untreated Groups*

Total Burn Inhalation Mortality

Group Age (Yr) Size (%) Injury (+/-) (Dead/Total)
Treated 28.6 + 2.7 37.1 + 3.8 2/10 (20%) 2/10 (20%)
Untreated 30.6 + 3.0 36.2 + 3.0 6,14 (43%) 0/14 ( 0%)

*Values are mean + SD or number affected/total number (%).
No difference in age or total burn size was noted between the
two patient groups, but the wuntreated group had a higher
incidence of inhalation injury.

30
- » UNTREATED

WHITE BLOOD CELL COUNT (k)

1 2 3 4 5 6 7
POST BURN WEEK

FIGURE 1. WBC counts during the first 7 postburn weeks are
shown for treated (solid line) and untreated (broken
line) patients. The only significant difference was
detected during the second postburn week (P < 0.05).
Vertical bars indicate SD.
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FIGURE 2. The percentages of granulocytes for treated (solid line)
and untreated (broken line) patients are displayed for
the first 7 postburn weeks. No differences between
groups were evident, except during postburn week 4, when
treated patients had significantly fewer granulocytes
than untreated patients. The percentage of lymphocytes
increased in treated patients, but the difference

between groups was not significant. Vertical bars
indicate SD.

receiving human rGM-CSF exhibited a significant decrease in maximal
cytosolic oxidative activity compared with untreated patients with
thermal injury (92.9% vs. 114.7% of control values, P < 0.01)
during the 3 weeks of treatment. Upon cessation of cytokine
administration, the peak cytosolic oxidative activity of treated
patients increased slightly to 97% of that for controls, whereas

untreated patients remained elevated at 113% of control values
(Table 4).

Chemiluminescence. During the first 7 days following injury,
both treated and untreated burn patients exhibited a significant
increase in 1luminol chemiluminescence compared with healthy
controls. This increase was independent of the type of stimulation
employed to activate the granulocytes, as the response to
opsonified zymosan and PMA were essentially identica’ (Table 5).
After 1 week, oxidation of 1luminol following stimulation by
opsonified zymosan and PMA decreased to control values for the
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TABLE 3. Cytosolic Peroxidase Activity for Postburn Days 0-21
(Mean * SD)

Group PTUR PTSR
Untreated 0.243 + 0.01 1.150 £+ 0.05
Treated 0.249 + 0.01 0.929 + 0.06

PTUR indicates the ratio of the mean log fluorescence for
unstimulated patients’ cells to stimulated control subjects’ cells
(normal, 0.16). Both patient groups were significantly different
from controls (P < 0.05). PTSR indicates the ratio of the mean log
fluorescence for stimulated patients’ cells to stimulated control
subjects’ cells (normal, 1.0). Untreated patients were
significantly different from treated patients and controls
(P < 0.05).

TABLE 4. Cytosolic Peroxidase Activity for Postburn Days 22-42
(Mean + SD)*

Group PTUR PTSR
Untreated 0.223 + 0.02 0.972 + 0.05
Treated 0.227 + 0.01 1.140 = 0.04

*Values are for the 3 weeks after cessation of human rGM—-CSF.
PTUR indicates the ratio of the mean log fluorescence for
unstimulated patients’ cells to stimulated control subjects’ cells
(normal, 0.16). The PTUR for both patient groups remained elevated
compared with controls (P < 0.05). PTSR indicates the ratio of the
mean log fluorescence for stimulated patients’ cells to stimulated
control subjects’ cells (normal, 1.0). The PTSR for untreated
patients remained significantly different from treated patients and
controls (P < 0.05).

treated patients but remained elevated for the untreated patients.
During the third postburn week (the last week of therapy with human
rGM—-CSF), 1luminol chemiluminescence remained unchanged in the
untreated patients and increased significantly in the treated
patients in response to PMA but not opsonified zymosan
administration. After 21 days, luminol chemiluminescence began to
decrease in untreated patients but remained significantly elevated
in treated patients in response to PMA administration.

The oxidation of DBA, an indicator of extracellular superoxide
production, normally declines as time after injury progresses. 1In
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TABLE 5. Chemiluminescence Data (Mean % SD)

Group (n) LOZ LPMA DPMA

Postburn Days 0-7

Control (137) 2344 £ 179 2482 + 158 14371 + 944

Untreated (14) 4060 * 686 6635 + 784 11076 + 1803

Treated (11) 6355 + 3047%* 7523 + 4513%* 10932 + 4956
Postburn Days 8-14

Control (137) 2344 = 179 2482 + 158 14371 + 944

Untreated (24) 4298 + 912%* 5330 = 763*%* 12036 + 1670

Treated (15) 2302 £ 750 2989 + 861 14248 + 4934
Postburn Days 15-21

Control (137) 2344 + 179 2482 + 158 14371 £+ 944

Untreated (22) 4779 £ 987%* 4919 + 678%* 13110 + 2179

Treated (14) 3649 £ 593 3943 + 632%*x 19812 + 4904
Postburn Days > 21

Control (137) 2344 £ 179 2482 + 158 14371 + 944

Untreated (74) 3120 + 319 4009 + 897 8781 + 9611%%*

Treated (44) 3217 £ 469 5141 + 1166%*x* 16791 + 2422

LOZ indicates opsonified zymosan—stimulated luminol

chemiluminescence; LPMA, phorbol myristate acetate (PMA)-stimulated
luminol chemiluminescence; and DPMA, PMA-stimulated dimethyl
biacridinium dinitrate chemiluminescence. *Significant difference
compared with controls (P < 0.01). **Significant difference
compared with treated patients (P < 0.01). ***Sjignificant
aifference compared with controls (P < 0.05).

this group of untreated patients with thermal injury, the mean
luminescence value was 87% of the control patients’ mean value
during the first three weeks and 61% of the control wvalue (P <
0.01) during the second three-week period following injury (Table
5). Patients treated with human rGM-CSF failed to show a decrement
in oxidation of DBA, with luminescence values similar to those for
controls during the first 2 weeks following injury and 137% of
those for controls during the third and final week of treatment.
The DBA chemiluminescence remained significantly elevated at 117%
of control values when administration of human rGM-CSF was
discontinued.
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DISCUSSION

Adequate numbers of properly functioning granulocytes may be
one of the most important factors in a patient’s defense against
infection. Thermal injury induces a variety of abnormalities in
granulocyte production and function. Hansbrough et al (27) have
reported decreased numbers of circulating granulocyte stem cells in
nonsurviving patients with large burns, which was though to reflect
a reduction of the bone marrow progenitor cell pool. This decrease
in circulating colony-forming units was associated with a higher
incidence of fatal septicemia. Defects in chemotaxis, random
migration, phagocytosis, bactericidal capacity, superoxide
production, and in vitro oxygen consumption have all Dbeen
described, but a relationship between these defects and the
propensity for infection has not been shown.

GM-CSF is a cytokine produced by activated T cells and
macrophages as well as certain fibroblasts and endothelial cells
(28) . It is a potent stimulus of bone marrow progenitor cell
production of neutrophils, monocytes, and eosinophils. Significant
increases in circulating granulocyte numbers have been documented
in both healthy primates and humans following parenteral
administration of GM-CSF (17,21,24,25,29-31). Clinical trials in
patients with leukopenia secondary to aplastic anemia (32), AIDS
(33), chronic idiopathic neutropenia (34), and chemotherapy—-induced
neutropenia (35-37) have all shown the ability of GM-CSF to
increase circulating levels of mature granulocytes. Parenteral
administration of human rGM—-CSF to our cohort of patients with
thermal injury resulted in a similar rasponse. After a lag time of
approximately 1 week, WBC counts increazed significantly compared
with untreated patients with thermal injury. After cessation of
GM—-CSF administration, counts quickly decreased to expected normal
levels. Eosinophilia, commonly seen in primate studies following
the parenteral administration of GM—-CSF, was not observed in our
treated patients.

The in vitro effect of GM-CSF on WBCs isolated from healthy
volunteers has been well documented. Although GM-CSF has little
effect on WBC function alone, it appears to "prime" the cell for
increased oxidative function when activated in vitro by physiologic
chemoattractants, such as PMA, FMLP, C5a, leukotriene B,, and
opsonified zymosan (38). Chemotaxis, cytotoxic and phagocytic
activity, superoxide production, and degranulation are all
increased by prior incubation with GM-CSF (39).

Few data exist concerning the effect of parenteral GM—-CSF on
various WBC functions in patients with documented functional
defects. Defects in granulocyte phagocytosis and bactericidal
capacity in two patients with AIDS were reversed with the
parenteral administration of GM-CSF (38). Reductions in phagocytic
capacity, nitroblue tetrazolium reduction, and migration were
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restored to normal by administration of GM-CSF in one patient with
chronic idiopathic neutropenia (35).

The parenteral administration of GM-CSF to our group of
patients with thermal injury did not affect the baseline
(nonstimulated) increase in in vitro cytosolic oxidative activity
(unpublished data). When the oxidation of DCF is expressed as a
percentage of the mean fluorescence of stimulated WBCs from healthy
control subjects, wunstimulated <cells from healthy controls
exhibited approximately 16% activity. Both cells from treated and
untreated patients with thermal injury had significantly higher
baseline activity compared with normal controls (24.9% and 24.3%,
respectively). This increase in unstimulated oxidative capacity
persisted even after discontinuation of the GM-CSF. Patients
receiving GM—-CSF had normal stimulated DCF oxidation values (92.9%)
that were significantly lower than the 115% activity seen in WBCs
from untreated patients. Thus, it appears the GM-CSF decreases the
capacity of granulocytes to oxidize DCF, presumably due to the
lower production of intracellular hydrogen peroxide.

Myeloperoxidase activity, as indexed by luminol
chemiluminescence following stimulation by opsonified zymosan and
PMA, was markedly elevated in untreated patients for the first 3
weeks after injury. Treated patients showed a significant increase
in luminol chemiluminescence during the first few days of
treatment, which subsequently declined to normal control values
during the second week of treatment. During the third week of
treatment and on discontinuation of the GM-CSF administration,
opsonified zymosan—-stimulated luminol chemiluminescence remained
normal. In contrast, PMA-stimulated luminol chemiluminescence rose
to supranormal levels.

The level of DBA chemiluminescence, which primarily indexes
superoxide anion production, was significantly affected by the
administration of human rGM—-CSF. During the first 3 weeks after
injury, granulocytes from untreated patients showed normal to
slightly decreased PMA-stimulated chemiluminescence when DBA was
used as a probe. During the subsequent 3 weeks, this defect was
exaggerated. In patients receiving GM—-CSF, DBA chemiluminescence
was only slightly depressed during the first postburn week, normal
during the second postburn week, and supranormal during the third

week of drug administration. After discontinuation of GM-CSF
administration, DBA chemiluminescence remained normal and did not
decrease in contrast to that in the untreated patients. The

maintenance of DBA chemiluminescence following cessation of GM-CSF
administration indicates that the effect of the cytokine is not
direct, because the half-life of circulating neutrophils is
significantly less than 1 day.

The administration of parenteral GM-CSF to patients with
thermal injury but without inhalation injury appears to be safe and
resulted in the expected increase in circulating numbers of
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granulocytes. Whether this compound can be safely administered to
patients with inhalation injury cannot be answered from our study.
Although both patients with inhalation injury who received GM—-CSF
died, deterioration in the status of these patients was not
temporally related to its administration. A more complex question
is whether or not the effect of parenteral administration of GM~CSF
on WBC function is beneficial. Restoration of superoxide
production by stimulated cells has the potential for both
beneficial and adverse effects. An increase in extracellular
superoxide may lead to an increase in capillary permeability due to
endothelial injury from adherent WBCs. The reduction in
myeloperoxidase activity might also be viewed as detrimental to the
patient, as this enzyme plays an important role in the bactericidal
capabilities of the phagocyte. The effect of these changes on
morbidity and mortality cannot be determined from our nonrandomized
trial of GM—CSF in patients with limited thermal injury. Our
results caution against the extrapolation of data obtained through
the in vitro incubation of normal cells with GM-CSF. Future
studies concerning the effect of parenteral administration of
GM—-CSF on WBC function in healthy subjects as well as its effects
on pulmonary function in lung injury in animal models will be
important to define the in vivo effects and the potential
beneficial or detrimental effects when administered to injured
patients.
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EVALUATION OF in vitro CULTIVATED KERATINOCYTES
AS EPITHELIAL AUTOGRAFTS FOR THE CLOSURE OF BURN WOUNDS

The extent of the skin loss caused by a burn is the major
determinant of outcome. Several techniques have been developed to
effect closure of the burn wound. These include autografting as
well as temporary coverage with allograft skin, heterograft skin,
or artificial skin substitutes. The goal of burn wound care is to
achieve timely permanent closure of the open wound. At this time,
the only adequate permanent cover is autograft since all other
biological membranes are temporary and artificial skin substitutes
require eventual grafting with the patient’s own epidermis. When
the surface area and the depth of the burn are so extensive that
the patient’s available donor sites are insufficient to provide
skin grafts to cover the wound in a timely fashion, a new source of
autograft is desirable. Human keratinocytes can be cultured to
produce confluent epithelial sheets. These cells can be grown from
a relatively small initial sample of the patient’s unburned
epidermis and can be expanded, over a period of weeks, to a size
sufficient to cover the entire body surface area. The use of
cultured autologous epithelium in burn patients has been reported
by a few institutions (2-3). It has been employed as an adjunct to
conventional therapy and has resulted in successful closure of
massive burns in small numbers of patients who might have otherwise
succumbed to their injury. Physicians working at the Mayo Clinic
in Rochester, Minnesota, have recently reported successful use of
cultured autologous epithelial grafts in a patient who sustained a
99% total body surface area burn (5). This is the first report of
the use of cultured keratinocytes grown in a defined medium without
the use of a feeder layer of lethally irradiated mouse 3T3 cells in
the culture flasks (1). The lack of this feeder layer removes the
potential risk of transmission of viral diseases from the cells in
the medium to the cultured cells.

The objective of this study is to determine the suitability of
cultured autologous epithelium for the closure of burn wounds.
Wounds covered with cultured epithelium will be compared with
similar wounds covered with fresh autograft. Investigation will
also be undertaken to determine a more efficient means of applying
the cultured epithelium to the wound bed and reducing the incidence
of graft loss due to bacterial colonization of the recipient bed.
Prior investigators have employed 75-cm?® flasks or 5—-cm diameter
disks to grow the cultured epithelium (2-5). After separating the
epithelium from the culture bed, the epithelium routinely shrinks
to one—third of the original size. Efforts will be made to adhere
the cultured epithelium to an overlying antimicrobial carrier in
such a way that this contraction will not occur, thereby producing
larger sheets of epithelium. Additional efforts will be made to
enlarge the epithelial sheets by growing them in larger flasks (150
cm?) or in roller bottles. Bacterial colonization of the recipient
bed has impaired the graft take of cultured epithelium more than
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would be expected with autograft (4-6). Evaluation of the
recipient wound beds will be made to dctermine the best way to
prepare wounds for grafting with cultured epithelium.

MATERIALS AND METHODS

Number of Patients. Thirty patients will be enrolled in this
study. Properly signed and witnessed volunteer agreement
affidavits are obtained from each patient pricr to beginning the
study.

Selection of Patients.

Inclusion Criteria. The following patients will be
eligible for entry into the study:

1. Patients hospitalized for burn injury.

2. Male or female patients 2 18 yr old and < 65 yr
old. Female patients must have been surgically sterilized, be
postmenopausal (> 45 yr old and lacked menstrual periods for > 1
yr), or have a negative pregnancy test.

3. Patients with burn wounds between 40% and 75% of
the total body surface area.

Exclusion Criteria. The following patients will be
excluded from the study:

1. Patients < 18 or > 65 yr old.
2. Patients who are pregnant or nursing.

3. Patients with burns of < 40% or > 75% of the total
body surface area.

Procedures. Within 48 h of admission to the Institute and
after obtaining informed consent, skin samples consisting of
epithelium and partial-thickness dermis are harvested under local
anesthesia after alcohol skin preparation. A surface area of
10-cm? is harvested. The skin is then placed in a transport medium
and transported to the tissue culture facilities where the
epidermis is separated from the dermal elements. The epidermis is
then trypsinized and the keratinocytes inoculated in tissue culture
flasks containing a defined medium which does not require a feeder
layer of lethally irradiated 3T3 cells (5). The cells are grown to
sufficient numbers >f confluent cell sheets to allow the grafting
of between 20% and 40% of the patient’s total body surface area.
This requires approximately 3 weeks. During this time, the patient
proceeds to the operating room and conventional therapy consisting
of narvesting available donor sites and subsequent autografting are
undertaken. Additional trips to the operating room for debridement
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and placement of various types of temporary biological dressings
may be required in order to prepare the patient’s other burns for
grafting. Approximately 3 weeks postburn, the patient is returned
to the operating room after preparation of cultured epithelium of
suffi~ient area to cover the still open burn wound. At this time,
the available donor sites are harvested and autograft placed on the
burn wound. The remainder of the burn wound is covered with the
cultured autologous epithelium mounted on the backing recommended
by the supplier with the consent of the physicians caring for the
patient. This backing is also used to cover the autograft applied
during the same operation. All grafted areas are recorded by
location. The nature of the grafts applied and the nature of the
recipient bed, i.e., freshly excised deep dermis, freshly excised
fat, early granulation tissue < 7 days old, chronic granulation
tissue, and fresh fascial excision, are specified. Surface and
tissue cultures are sent from random recipient bed sites.

The fresh autografts are treated with standard dressings and
postoperative care. They are inspected on postoperative day 3 or
4. Perioperative antibiotics are used as routine within the
Institute. The cultured epithelial grafts are covered by the
backing recommended by the supplier with the consent of the
physicians caring for the patient. They are left covered by this
adherent gauze for 7-10 days. Inspection of the gauze is
undertaken on a daily basis to determine the presence of any large
bullae which might elevate the graft off the recipient bed. These
areas are aspirated through the overlying tissue. Any drainage is
cultured. If the patient develops signs of infection, i.e., fever,
leukocytosis, erythema, or other systemic signs, the dressings are
inspected and, if they appear suspect, the gauze is changed and the
grafted wound examined. Cultures are taken if indicated and the
need to alter the wound care or begin antibiotic therapy is
determined at that time.

After the initial 7- to 10-day period, the wounds grafted with
the cultured epithelium are inspected and a decision made whether
to leave them exposed or to reapply a protective dressing. Areas
of graft take and loss are recorded and compared to areas grafted
with fresh autograft. Additional grafting procedures are
undertaken as needed to close the patient’s burn wounds. Cultured
epithelium is used at these later graftings if the patient’s own
donor sites are insufficient to cover the recipient bed. Healed
cultured grafts are examined with regard to fragility. Punch
biopsies from areas of adherent cultured epithelium are taken once
the patient’s burn wounds are fully healed. Patients enrolled in
this study are followed after discharge from the hospital to
determine any incidence of late sequelae such as contractures and
breakdcwn of the grafted wounds.

Photographs are obtained of the burn wound prior to grafting,
at the first dressing change, and weekly thereafter during the
period of hospitalization. Additional photographs are obtained at
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any follow-up outpatient visits which take place. At these times,
the graft viability is evaluated by quantitatively estimating the
percentage of the grafted area which is covered by viable graft and
by qualitatively evaluating the durability of the grafts and their
tendency to ulcerate. The quantitative scale ranges from 0-10,
corresponding to 0% and 100%, respectively. The first qualitative
scale grades the durability of the graft into three categories, A =
stability to minor trauma equal to that found in a typical unmeshed
autograft, B = fragile graft, but adequate wound coverage, and C =
very fragile coverage, at high risk for graft loss. The second
qualitative scale also grades the grafts into 3 categories, A = no
tendency to ulcerate, B = scattered small ulcerated areas, and C =
large ulcerations involving at least 25% of the area grafted with
cultured epithelium. All grafted areas are evaluated independently
by the primary investigator and the Chief, Clinical Division.
Punch biopsies from the areas of healed cultured epithelium are
obtained under local anesthesia prior to discharge from the
hospital and again at the follow-up visit 1 yr following discharge.
These are examined for evidence of surviving dermal elements.

Sterile Techniques: The skin biopsy is harvested using sterile
technique after wusing standard operative preparation and is
transported to the tissue culture laboratory in sterile media.
Manipulations of the keratinocytes are done under a laminar flow
hood using sterile technique. The holding media is sterile and
contains penicillin, streptomycin, and  fungizone. The
keratinocytes are then transported back to the Institute’s
operating room in sterile containers, which are only opened when
they are to be placed on the surgical field.

RESULTS
Two patients have been enrolled in this study to date.
DISCUSSION
Upon completion of the enrollment of 10 patients, the safety
and efficacy of the cultured keratinocytes will be data will be
analyzed.
PRESENTATIONS/PUBLICATIONS
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Burn patients have a significant infection diathesis due in
part to the loss of the normal epithelial skin barrier and to the
postburn immunosuppression. Burn patient wounds are therefore
frequently contaminated with various microorganisms. Control of
such contamination 1is attempted through the use of topical
antimicrobial agents. Despite topical wound care, invasive burn
wound infection occurs in certain patients with major thermal
injuries. Currently, the diagnosis of a developing infection
depends upon the clinical observation of the patients’ wounds and
a review of the patient’s wvital signs and laboratory test data.
When such evidence indicates that an invasive burn wound infection
could be developing, appropriate burn wound biopsies are obtained
and sent for histopathological examination to check for the
presence of invasive infection. Blood cultures are also obtained.
There are currently no reliable blood tests for detecting burn
wound infections early in the course of their development. The
development of positive blood cultures indicates that the infection
has progressed to a very significant degree and is life-threatening
to the patient. It would therefore be desirable to have a blood
test available which would indicate early burn wound invasion
before the patient has become critically and possibly irreversibly
septic.

TNF levels are now measurable through the use of an ELISA kit.
These assays determine the level of the TNF protein in the serum of
patients. Elevations in the serum level of TNF can be expected in
patients who are experiencing significant systemic endotoxemia, as
would result from a developing infection. The exact levels of TNF
expected in burn patients and burned septic patients has not as yet
been determined. Therefore, the objective of this study is to
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measure TNF levels in all burn patients and to correlate these
levels with their clinical course. An attempt will be made to
determine if changes in TNF levels are indicative of impending
infection or successful treatment of an infective process.
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INVESTIGATION OF THE IMPORTANCE OF ALTERATIONS
IN TUMOR NECROSIS FACTOR (TNF) IN BURN PATIENTS

Infection remains a primary cause of morbidity and mortality in
severely burned patients (1). This infection diathesis is due in
part to the postburn immunosuppression seen following major thermal
injuries. The exact etiology of the postburn immunosuppression is
as yet undetermined. Investigators are therefore studying multiple
components of the immune system in order to delineate better the
immunosuppression and determine which patients are at greater risk
of developing infections.

One component of the immune system which has not been
extensively investigated in burn patients is the production of TNF.
TNF is produced by monocytes/macrophages in response to exposure to
endotoxin (2). TNF was initially demonstrated to cause significant
tumor regression in animal models and to enhance resistance to
bacterial infections (3). TNF can also alter thermoregulation and
produce multiphasic febrile responses (4). TNF may also elevate
plasma hematocrit levels by promoting loss of intravascular fluid
into the interstitium (2). TNF affects metabolism in a manner
similar to sepsis as reflected by simultaneous decrease in plasma
glucose 1levels and increase in plasma lactate 1levels and
stimulation of hepatic acute—phase protein synthesis (5,6).
Chronic elevation of TNF results in cachexia and muscle wasting
(7). TNF also exerts predominantly stimulatory effects on WBCs.
At extremely high concentrations, it can induce tatal hemodynamic
instability (6).

Despite these findings in animal models, very 1little
investigation has been performed in human burn patients.
Therefore, this study will attempt to delineate better the
significance of TNF levels in burn patients, with special reference
to the correlation of elevations in TNF levels and impending sepsis
or recovery from infections.

MATERIALS AND METHODS

Number of Patients. One hundred burn patients will be enrolled
in this study based upon eligibility criteria and informed consent.

Criteria for Admission. Patients admitted to the US Army
Institute of Surgical Research will be offered the opportunity to
participate in this study.

Patient 1Inclusion. Patients meeting the following
criteria will be considered eligible for entry into the study:

1. Male or female patients 2 18 yr old.
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2. Patients admitted to the Institute within the first
7 days postburn.

3. Patients with burns > 20% of the total body surface
area (the presence of an inhalation injury not being exclusionary).

Patient Exclusion. Patients with the following
characteristics will be excluded from enrollment in the study:

1. Patients < 18 yr old.
2. Patients admitted to the Institute > 7 days postburn.

3. Patients with burns < 20% of the total body surface
area.

4. Patients with toxic epidermal necrolysis syndrome.

Study Design. A 5-ml sample of whole blood will be obtained on
a twice weekly basis. These samples will be drawn in a tube
containing EDTA as an anticoagulant (blue—top tube) on Mondays and
Thursdays at the time of routine blood drawings until the patient
has < 5% of his burn uncovered with autograft. The blood will be
immediately taken to the Biochemistry Branch for centrifugation.
Serum will be aspirated and stored at -70°C until the ELISA assay
is performed on the sample. The ELISA test will then be performed
using a standard ELISA plate containing antibodies of TNF coded on
the bottom of the wells of the plate (T-Cell Sciences, Inc., 840
Memorial Drive, Cambridge, MS 0213535). The assays will be
performed by the Biochemistry Branch utilizing the ELISA device
currently in use. Patients will be monitored prospectively on a
daily basis for the development of infections as defined by
Institute criteria and the clinical course will be correlated with
the results of the TNF assays. Test results will be coded for
identification purposes only and the key to the code will be
available only to the principal investigator.

Determination of the Number of Subjects Required. It is
estimated that if the average burn size of these patients is 2 30%
of the total body surface area, they will be hospitalized 2 5
weeks, based on patients requiring 2 1 days hospitalization per
percent total body surface area burned. Therefore, each patient
would have 2 10 blood samples drawn for TNF assay. This would
yield a total number of 2 1,000 samples for the study. This number
of assays should permit correlation of TNF levels with infection.

Data Collection. Infection data will be collected from the

Institute’s monthly infection report. Additional data will be
collected indicated in Figures 1 and 2.

Data Analysis Plan. Data will be analyzed comparing TNF levels
in infected versus noninfected patients. This will include
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Patient Name:
Date of Birth:
Total Burn Size:

O N N

Inhalation Injury:

Preexisting Medical Conditions:

Preburn Medications:

Burn Wound Infections

a. Dates of Documentation:
b. Methods of Documentation:
c. Organisms Involved:

d. Treatments Instituted:
Pneumonias

a. Dates of Documentation:
b. Methods of Documentation:
c. Organisms Involved:

d. Treatments Instituted:

Urinary Tract Infections

a. Dates of Documentation:
b. Methods of Documentation:
c. Organisms Involved:

d. Treatments Instituted:
Other Infections

a. Dates of Documentation:
b. Methods of Documentation:
c. Organisms Involved:

d. Treatments Instituted:
Bacteremias

a. Dates of Documentation:
b. Methods of Documentation:
c. Organisms Involved:

d. Treatments Instituted:
Operations

a. Dates:

Chart Number:
Date of Burn:
Total 3° Burn Size:

Associated Injuries:

b. Area Not Covered by Autograft After Each Operation:

Other Significant Clinical Events:

Patient Outcome: 19. Date of Discharge/Death:

Autopsy Findings (if applicable):

FIGURE 1. Data collection scheme.
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Postburn WBC Maximum
Day TNF lLevel  Count Existing Infection Temperature

FIGURE 2. Data collection sheet.
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comparisons between noninfected and bacteremic patients plus
noninfected patients and patients with infections of the burn
wound, lung (pneumonia), or urinary tract. ANOVA will be utilized
for these comparisons. Comparisons will also be made of serum TNF
levels in patients during the week prior to the clinical diagnosis
of infection to determine if elevations of TNF levels are
predictive of impending sepsis. Comparison of TNF levels to WBC
counts will be made using linear regression to determine for any
correlations.

RESULTS
This project was approved by the USAISR Research Council on 10
January 1989 and the US Army Institute of Surgical Research Human
Use Committee on 13 February 1989.
DISCUSSION

Upon completion of the enrollment of 100 patients, the data
will be analyzed and presented for publication.

PRESENTATIONS/PUBLICATIONS

None.
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ABSTRACT
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During calendar year 1988, 220 burned patients were cultured
and 9,794 isolates were identified. A relatively low colonization
frequency (< 34%) with Gram—negative organisms has continued for

the seventh reporting period. This was also reflected in an
increase in Gram—-positive organisms in blood cultures.
Staphylococcus aureus, Staphylococcus epidermidis, and

Staphylococcus saprophyticus represented 36.6% of the bacteremia
cases. The computerized microbial culture surveillance system now
contains infection control and antibiotic usage data bases. This
system is being evaluated for its use in predicting infecting
organisms on the basis of sites of colonization and antibiotic
usage.
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STUDIES OF INFECTION AND MICROBIOLOGIC SURVEILLANCE
OF TROOPS WITH THERMAL INJURY

This report is produced from microbiology data collected for
patients admitted during calendar year 1988. Data were collected
from admission through disposition. This is the fifth report that
is based on calendar year rather than fiscal year. This change
more nearly aligns culture results with the annual research

progress report produced by the Clinical Division for the same
patient population.

AUTOMATED MICROBIOLOGY DATA T 3E

The microbiology data base now contains complete surveillance
data for > 1,400 burn patient admissions. Epidemioclogic use of
these data has resulted in several publications. The microbiology
data base has been aligned with antibiotic use and infection
control data bases. This has improved the utility of the system
for prospective use in identifying outbreaks and aiding empiric
therapy by predicting on a statistical basis the probable
antibiotic sensitivity patterns of infecting organisms.

ANTIBIOTIC SENSITIVITY DETERMINATION

The 1988 antibiotic testing panels are presented in Table 1.
Bacterial organisms were tested by agar overlay disc diffusion.
Broth dilution minimal inhibitory concentrations and minimal
bactericidal concentrations were available upon specific request.
The protocol for selecting organisms for in vitro sensitivities was
isolation from blood cultures, predominant organisms in biopsy
cultures, predominant Gram—negative organisms in sputum and urine
cultures with > 10° cfu/ml, Staphylococcus aureus isolates,
Pseudomonas aeruginosa isolates, and cther organisms as requested.

MICROBIAL SURVEILLANCE

The microbial surveillance protocol established during fiscal
year 1983 was continued during calendar year 1988 (1). Cultures
were obtained from the wound, sputum, urine, and rectum of each
patient upon admission. Thereafter, sputum and urine were cultured
three times per week and stools and wound surfaces two times per
week. Patients transferred to the convalescent ward and
hospitalized > 30 days were cultured weekly. Gentamicin-resistant
Gram—negative organisms from sputum or stool specimens were
screened by plating on MacConkey agar containing gentamicin sulfate
(25 pg/ml).

MICROBIOLOGIC FINDINGS IN BURN PATIENTS

A total of 220 patients admitted during 1988 were cultured.
Species isolated and number of patients yielding each species are
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TABLE 1.

In vitro Sensitivity Panels (1988)

Enteric Qrganisms

Nonenteric
Gram—Negative QOrganisms

Gram—-Positive Organisms

1. Amikacin®P

2. Gentamicin®P
3. Ticarcillin?

4. Mezlocillin®P
5. Piperacillin®?®
6. Cefotaxime?

7. Cefoperazone

8. Sulfadiazine

9. Netilmicin?

10. Kanamycin

11. Chloramphenicol
12. Tetracycline
13. Cefoxitin®
14. Cefamandole®
15. Ampicillin?
16. Trimethoprim
17. Trimeth and sulfa
18. Nalidixic acid
19. Imipenem—cilastatinb
20 Streptomycin
21 Aztreonam
22 Norfloxacin

1. Amikacin?®®
2. Gentamicin®®
3. Tobramycin
4. Ticarcillin?
5. Mezlocillin®P
6. Piperacillin?®-®
7. Moxalactam?®-®
8. Cefotaxime?
9. Cefoperazone?
10. Colistin
11. Sulfadiazine?
12. Netilmicin
13. Kanamycin
14. Chloramphenicol
15. Tetracycline
16. Imipenem—cilastatinb
17. Azlocillin?
18. Norfloxacin
19. Aztreonam
20. Timentin
21. Ceftazidime®'P
22. Ceftriaxone

NN N B B H R R e
N H O W NN e WN R oW

@ ~ oY b W NP

Amikacin?-P
Gentamicin®'P
Tobramycin
MezlocillinP
Piperacillin®P
MoxalactamP
Cefotaxime
Cefoperazone
Sulfadiazine
Oxacillin®
Cephalothin®
Vancomycin?'P
Chloramphenicol?
Tetracycline?
Ampicillin
Imipenem-cilastatinP
Clindamycin?
Penicillin?
Erythromycin?®
Streptomycin
Ceftazidime®'P

Ceftriaxone

3%Reported on daily clinical microbiology report (hard copy) .

Reported on computer screen from patient data base.

presented in Table 2.

the patient population,

Because of the decreased host resistance of

no organism is considered "normal" flora
and all isolated organisms are reported to the physician.

A

summary of the 10 most common isolates is presented in Table 3.

The table contains 79% of the species identified.
frequencies of sites of isolation are presented in Figure 1.

of sites of

The relative
The

isolation of Gram—negative

nrganisms, Gram-positive organisms, and yeast are shown in Figure

FLORA RECOVERED FROM RESPIRATORY SYSTEM SPECIMENS

A total of 7,267 organisms were recovered from respiratory

relative frequencies
2.
system specimens.
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Display of the relative frequency
sources yielding isolates in 1988.
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FIGURE 2A. Display of the relative frequency of specimen
sources yielding Gram-negative organisms.
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FIGURE 2B. Display of the relative frequency of specimen
sources yielding Gram-positive organisms.
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FIGURE 2C.
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collected in the surveillance program. The 10 most frequent
species are presented in Table 4, which represents 79.7% of the
respiratory isolates. Of particular note is the continued decline
of Gram-negative isolates. Pseudomonas aeruginosa was not in the
top 10 organisms, with only 24 of the 213 patients colonized. This
frequency was not significantly different from previous years.

FLORA RECOVERED FROM WOUND SURFACE SPECIMENS

A total of 1,722 contact plate surface cultures were taken and
762 isolates were made. Relative frequencies of isolated species
are presented in Figure 3. Subsurface flora, as measured by biopsy
specimens, was measured in 386 biopsies taken from 91 patients.
Organisms were recovered from 32 of the biopsied patients. The 10
most common organisms are presented in Table 5. Filamentous fungi
remained the principal isolate with Aspergillus being the most
common fungal genus. Pseudomonas aeruginosa was recovered from 19

biopsies taken from 11 patients. The continued decrease in
recovery of wound bacteria is best correlated with the decrease in
resistance to topical and parenteral antimicrobial agents. The

loss of competitive bacterial flora is a reasonable basis for the
increased frequency of fungal isolates.

FLORA RECOVERED FROM URINARY TRACT SPECIMENS

Urine specimens from 217 patients yielded 867 isolates. The
10 most common species are presented in Table 6. The top 10
organisms isolated from urine specimens with >10° cfu/ml are
presented in Table 7.

FLORA RECOVERED FROM BLOOD CULTURES

Blood cultures were obtained from 135 patients for a total of
1,379 cultures. The principal organisms recovered are listed in
Table 8. Positive cultures were obtained from 32 patients and 74
isolates were made from 74 positive cultures. Forty—-four cases of
bacteremia were noted. A case of bacteremia was defined as
isolation of an organism once or more than once with a 30-day
period.

Intravenous catheter tips were cultured from 81 patients.
Isolations were made from 49 patients and 185 isolates were made.
Data are presented in Table 9. These data show an unexpectedly
high incidence of contamination.

SUMMARY OF ANTIBIOTIC TESTING
A total of 4,978 bacterial isolates were tested for in vitro
sensitivity to antibiotics. A comparison of sources of tested

strains is presented in Figure 4. The relative frequency of tested
organisms is presented in Figure 5.
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FIGURE 3. Display of the relative frequency of organism types
isolated from surface wound cultures.
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FIGURE 4. Display of the relative frequency of sources
yielding organisms tested for in vitro sensitivity
to antibiotics in 1988.
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Gentamicin resistance was again used as a plasmid surveillance
marker. Testing was done on 3,722 isolates. Figure 6 displays the
relative frequency of tested organisms. Figure 7 displays the
frequency of resistant species. Staphylococcus aureus represented
94% of the gentamicin-resistant isolates. Only 132 Gram—-negative
isolates of 1,978 strains tested were resistant to gentamicin
(6.7%). This is a low percentage and is a direct marker of the
success of infection control isolation techniques in preventing the
accumulation of a resistant Gram—negative flora.

Staphylococcus aureus. The sources of Staphylococcus aureus
strains tested for in vitro activity are presented in Figure 8.
The incidence of multiply resistant Staphylococcus aureus was 28%
of isolates and these strains were isolated from 83 patients. The
resistant strains are multiply resistant, with expression of
geatamicin, erythromycin, oxacillin, and streptomycin resistance.
Multiply resistant Staphylococcus aureus and gentamicin-sensitive
strains are displayed separately in Table 10 and histograms are
shown in Figure 9.

Pseudomonas aeruginosa. The frequency of sources of
Pseudomonas aeruginosa strains tested in vitro is presented in
Figure 10. The results of testing are presented in Table 11.
Sensitivity to aminoglycoside antibiotics has remained high. The
relative frequency of gentamicin resistance for recent reporting
periods is presented in Figure 11. The relative frequency of
sulfonamide resistance for recent reporting periods is presented in
Figure 12. Histogram displays of the distributions of zone sizes
for selected antibiotics are presented in Figure 13.

Klebsiella pneumoniae. A total of 375 isolates were tested for
in vitro sensitivities to antibiotics. The sources of isolation
for tested strains are presented in Figure 14. The results of in
vitro antibiotic testing are presented in Table 12. Histogram
displays of the distributions of zone sizes for selected
antibiotics are presented in Figure 15.

Acinetobacter anitratus. The sources of isolation for tested
strains are presented in Figure 16. The results of in vitro
antibiotic testing are presented in Table 13. Histogram displays
of the distributions of zone sizes for selected antibiotics are
presented in Figure 17.

Group D Enterococcus. The sources of isolation for tested
strains are presented in Figure 18. The results of in wvitro
antibiotic testing are presented in Table 14. Histogram displays
of the distributions of zone sizes for selected antibiotics are
presented in Figure 19.

Proteus mirabilis. The sources of isolation for tested strains
are presented in Figure 20. The results of in vitro antibiotic
testing are presented in Table 15. Histogram displays of the
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FIGURE 7. Display of the relative frequency of
gentamicin-resistant organisms isolated in 1988.
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Display of the relative frequency of sources yielding
Staphylococcus aureus tested for in vitro sensitivity
to antibiotics in 1988.
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FIGURE 9A.

CEPHALOTHIN (30 ng)
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FIGURE 9A.

GENTAMICIN (10 ug)
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TOBRAMYCIN (10 pg)
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FIGURE 9B.

AMIKACIN (30 ug)
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FIGURE 9B.

CEPHALOTHIN (30 ug)
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MOXALACTAM (30 ug)

NUMBER = 492
TTTTTTIT Ty T T 7 T T T T I T T T T TT T 17117
<R <I> <8$)>
918.15_ = —
W
4
Lias— —
®* |E
6.25 [= —
=
=
0. = SN E NN
" 6 9 12 15 18 21 24 27 30 33 36
ZONE SIZE
PIPERACILLIN (100 uog)
NUMBER = 492 i
TTI T T T I T T T T T T T T I T i T 1T I1717
<R> <D <$>
o375 —
w
x
L 2k = —
" ="
115t— = —
%ﬂ_w
0. =

6 9 12 18 18 21 24 27 30 33 36
ZONE SIZE

SULFADIAZINE (250 ug)

NUMBER = 492
ITTTTTTTT I T I T T i T I T T I T T IT T Td
<P® <D <8

TR
L]

i

o=t _ INGUN NN
21 24 27 30 33 36

ZONE SIZE

WH

-]
—
N
o~
o
[y
=]

FIGURE 9B. Histogram display of the distribution of zones of
inhibition of growth of multiply—-sensitive
Staphylococcus aureus (continued) .
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FIGURE 9B. Histogram display of the distribution of zones of
inhibition of growth of multiply—-sensitive
Staphylococcus aureus (continued).
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FIGURE 10. Display of the relative frequency of sources yielding
Pseudomonas aeruginosa tested for in vitro sensitivity
to antibiotics in 1988,
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FIGURE 13. gis?ogrgm display of the distribution of zones of
inhibition of growth of Pseudomonas aeruginosa.
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FIGURE 13.

GENTAMICIN (10 ug)
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Histogram display of the distribution of
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PIPERACILLIN (100 ug)
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FIGURE 13. Histogram display of the distribution of zones of
inhibition of growth of Pseudomonas aeruginosa
(continued) .
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FIGURE 14. Display of the relative frequency of sources yielding
Klebsiella pneumoniae tested for in vitro sensitivity
to antibiotics in 1988.

187




16€ GEE AR 9 LT 01 8¢ BITNS 3 YIDUWTIL
0G€ LEE 62°96 Z LGS0 1T AR wradoyjzawray
1G€ 0€ GG'8 6€ I1°T1 z82 yE€ 08 UTTTTOIRDTL
16€ GZ¢€ 65°26 02 oL"S 9 IL°T sutToAdeaiey
0S¢ 24 LG 2L G €P° T 16 00°92 duTzeTpeIInS
6v€E 662 L9°G8 6€ LT TIT 11 GI'€ utoAwoidaals
16€ 9Z¢ 88°26 A 66°€ 1T €1°€ utTTToRaadTd
LYE 6€€ 69°L6 - - 8 1€°2 UTOBXOTJION
16€ LYE 98°86 - - 4 AR UTOTWTITTION
0S¢ 1€€ LS V6 1T ASES 8 62°2 PTO® OTXTIPTITEN
I6€ SLe GE°8L €9 G6° LT €1 oL € UTTTTOOTZ3N
6vE T€€ ¥8°¥6 €T ZL" € S €v° T uToAweuey
unTpos
0S¢€ 0S¢ 00°00T - - - - ut3ejsero-wauadriw]
1G€ 34 85°86 - - g Zv° 1 UTOTWEe3udn
1G€ 9€€ €L°S 6v AR 1T €1°€ TooTusaydweroTyd
16€ 1G€E 00°00T - - - - dUOX®TIIIOD
16€ 16€ 00°00T - - - - aWIPTZ®R3IIAD
1S€ 9€¢ €L°G6 €1 oL € 4 LG 0 UT3TXOFSD
1G€ 0S¢ ZL 66 - - 1 8Z°0 dUWTXBJ03dD
16€ 6€E 85°96 ot G8°2Z 4 LGS0 auozexadoza)d
16€ Zve oL 6% AR S v 1 @TopuRWEIdD
1G6€ Ghe 62°8 6€ G8°0 £ G8°0 weuoeI3zy
0G€ Ve IL°6 LE LG 0T 6LZ TL 6L uTTTTOoTdWwy
1G€E 8he G1°6 6€ G8°0 - - uToRYTWY
ISqunN ToqUON % ToquiN % I3qQUINN % oT30TqTauY
Te3ol HATLISNES T AIVIGANGALNI INVISISHY

(886 1) seruounaud

PTTOTSqOTY I03F el AJTAT3ITSUSS OTIOTQTIIUY 2T TIEVYL

188



FIGURE 15.

AMIKACIN (30 ug)
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Histogram display of the distribution of zones of
inhibition of growth of Klebsiella pneumoniae.
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FIGURE 15.
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FIGURE 16. Display of the relative frequency of sources yielding
Acinetobacter anitratus tested for in vitro
sensitivity to antibiotics in 1988.
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FIGURE 17. Histogram display of the distribution of zones of
inhibition of growth of Acinetobacter anitratus.
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FIGURE 17. Histogram display of the distribution of zones of
inhibition of growth of Acinetobacter anitratus
(continued) .
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FIGURE 18.
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Display of the relative frequency of sources yielding
Group D Enterococcus tested for in vitro sensitivity
to antibiotics in 1988.
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FIGURE 19.

AMIKACIN (30 ng)
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Histogram display of the distribution of zones
inhibition of growth of Group D Enterococcus.
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FIGURE 19.
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FIGURE 19.

MOXALACTAM (30 ug)
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Histogram display of the distribution of zones of
inhibition of growth of Group D Enterococcus
(continued).
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FIGURE 19.

TOBRAMYCIN (10 ug)
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FIGURE 20.

Display of the relative frequency of sources yielding
Proteus mirabilis tested for in vitro sensitivity to
antibiotics in 1988.
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distributions of zone sizes for selected antibiotics are presented
in Figure 21.
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FIGURE 21. gistogram display of the distribution of zones of
inhibition of growth of Proteus mirabilis.
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FIGURE 21. Histogram display of the distribution of zones of
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This study is designed to evaluate the efficacy of
imipenem—cilastatin sodium for prophylactic activity against
bacterial pneumonias in burned patients with inhalation injury.
Patients enrolled in the study receive standard appropriate therapy
for their burns and are randomized in pairs to receive or not
receive prophylaxis with imipenem—cilastatin sodium. Patient pairs
are then evaluated for development of pneumonia within the first 10
days (during antibiotic administration), development of pneumonia
within 30 days postburn, and death or discharge from the hospital.
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EVALUATION OF IMIPENEM-CILASTATIN SODIUM (PRIMAXIN®) FOR
PROPHYLACTIC ACTIVITY AGAINST BACTERIAL PNEUMONIAS IN
BURNED PATIENTS WITH INHALATION INJURY:

A PROSPECTIVE RANDOMIZED TRIAL

Inhalation injury is an important problem in the care of the
burn patient. It increases the mortality of burn injury and causes
the largest effect in burns of moderate size. 1In the most recent
review, inhalation injury was found in 35% of patients and
bacterial pneumonia in 19% (1). Inhalation injury also seems to
predispose to the development of bacterial pneumonia, with 45.8% of
patients with severe inhalation injury developing pneumonia. 1In
this analysis, patients with inhalation injury who developed
pneumonia more commonly showed the pneumonia in the first week
after injury.

Unfortunately, there is no specifically effective treatment of
inhalation injury. Patients are supported according to their
clinical status with appropriate fluid administration, maintenance
of airway patency, adequate amounts of oxygen, and mechanical
ventilation as necessary. Some patients tolerate the insult well
and recover rapidly; however, others develop pneumonia, initially
with Staphylococcus aureus and later with Gram-negative organisms,
which can lead to progressive respiratory failure and death.

Prophylactic treatment against the sequelae of inhalation
injury may be useful as there is no other therapy available to
prevent bacterial pneumonia. Levine et al (2) evaluated the effect
of prophylactic aerosolized gentamicin in patients with inhalation
injury and found no difference in mortality, time of death, or
pulmonary or septic complications. Gram—negative pneumonias were
the most common pulmonary infections in the patients in their
study, but more recently, Gram—positive pneumonia has become more
common .

Imipenem—cilastatin sodium (Primaxin®), a thienamycin
antibiotic which has been recently released, could be of use in the
prevention of this problem. This antibiotic has a wide spectrum,
being active against Gram—positive, Gram—negative, and anaerobic
bacteria. It is bactericidal even against aminoglycoside resistant
and beta-lactamase producing organisms. It is effective against
strains of Staphylococcus aureus and Pseudomonas aeruginosa. Only
strains of Pseudomonas maltophilia, Pseudomonas cepacia,
Streptococcus faecium, flavobacteria, and diptheroids have been
found to be resistant to imipenem—cilastatin sodium. Minimal
toxicity has been attributed to the drug, which is excreted by the
kidneys; dosage reductions to one-third are required in anuretic
patients. Therefore, it is a good choice for prophylactic therapy
for inhalation injury.
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Prophylactic +*reatment in the past has been principally
directed toward wound infection and utilized antibiotics that were
more inherently toxic without the wide spectrum of

imipenem—cilastatin sodium. Antibiotics have also Dbeen
administered into the tracheobronchial tree without beneficial
effects. The regimen proposed offers the advantage of an

intravenous agent with good penetration of lung tissue, minimal
toxicity, and a wide spectrum of activity against the organisms
most often involved in the pneumonias associated with inhalation
injury. Randomization will be employed to compare this new
prophylactic regimen with the usual expectant treatment.

The purpose of this study is to evaluate prophylactic treatment
of inhalation injury and correlate with the clinical prevention of
pneumonia in such patients.

MATERIALS AND METHODS
Number of Patients. Up to 200 patients will be entered into

this study, with an early cutoff by closed—end sequential analysis
possible.

Criteria for Admission to the Study. Patients admitted to the
US Army Institute of Surgical Research with evidence of inhalation
injury will be offered the opportunity to participate in a study of
prophylactic administration of imipenem—cilastatin sodium.
Patients having the following will be considered for enrollment in
the study:

1. A history of inhalation of smoke and/or flames.

2. A history of burn occurring in a closed space with the
physical findings of burns to the face, lips, nose, or mouth or
singeing of facial or nasal hair.

3. Carbonaceous sputum production.

4. Stridor, hoarseness, or airway obstruction.

5. Dyspnea, wheezing, or rhonchi.

6. Xenon scan showing trapping of gas in a pattern consistent
with inhalation injury.

Patient 1Inclusion. Male and female patients will be
selected for participation in the study if they meet the following
criteria:

1. The patient is 2 18 yr old.

2. The diagnosis of inhalation injury is confirmed by
bronchoscopic examination.
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3. The patient has an expected probability of survival of
20-80% based on an age and burn size predictor model.

4. The patient is not subject to any preexisting disease
which would contraindicate administration of imipenem—cilastatin
sodium.

5. The patient or representative signs the appropriate
informed consent.

6. The patient’s treatment can begin by 72 h postburn.

Patient Exclusion. Patients with the following
characteristics will be excluded from participation in the study:

1. Patients < 18 yr old.
2. Patients who are pregnant or nursing.
3. Patients who have a prior history of renal dysfunction.

4., Patients who are hypersensitive to thienamycin or who
have had an anaphylactic reaction to any of the beta-lactam groups
ot antibiotics, including cephalosporins, oxacephalosporins,
penicillins, or cephamycins.

5. Patients with prosthetic valve endocarditis.
6. Patients in danger of or in a hepatic coma.

Study Design. Patients will receive standard appropriate
therapy for their burn and will be randomized in pairs to receive
or not receive prophylaxis with imipenem—-cilastatin sodium.
Imipenem—cilastatin sodium at 500 mg every 6 h will be started
between 36 and 72 h postburn and administered for 240 h (10 days).
No other modifications will be made in the care of either group of
patients. Sputum cultures and other cultures will be collected
according to the usual protocol for all patients. Respiratory
status will be carefully monitored according to the wusual
procedures in all patients and documented appropriately.

Patients in both groups will be carefully watched for the
development of pulmonary infection. Tracheobronchitis and
pneumonia will be diagnosed by the usual criteria (Table 1) and
will be treated with antibiotics when judged appropriate by the
primary physician. Cellulitis diagnosed by clinical criteria and
treated with penicillin will not be grounds for exclusion from the
study. Patient pairs will be excluded from the study if either
patient develops a deep tissue infection requiring treatment with
antibiotics or succumbs without pneumonia in the first 10 days.
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TABLE 1. Diagnosis of Infection

Pneumonia

1. Clinical findings consistent with pneumonia, i.e., pleuritic
chest pain, fever, purulent sputum, or other signs of sepsis.

2. A significant number (> 25) of PMLs on methylene blue stain of
endotracheal secretions with < 25 squamous epithelial cells per
100X field.

3. Roentgenographic findings consistent with pneumonia.

4. Positive sputum culture (confirmatory, but not essential for
diagnosis).

Tracheobronchitis

1. Clinical findings consistent with the diagnosis, i.e., fever,
purulent sputum, sepsis, or significant findings on
bronchoscopy.

2. A significant number (> 25) of PMLs on rethylene blue stain of
endotracheal secretions with < 25 squamous epithelial cells per
100X field.

3. Roentgenographic findings not consistent with pneumonia.

4. Positive sputum culture (confirmatory, but not essential for
diagnosis).

Patient pairs will be evaluated fcr the development of pneumonia
within the first 10 days (during antibiotic administration),
pneumonia developing within 30 days postburn, and death or
discharge from hospital.

Patients will be entered into the study as sequential pairs
with treatment randomly allocated between the paired patients.
This will allow sequential analysis with a closed—end statistical
model (3). Based on the probability of the untreated group
experiencing pneumonia (45% from past clinical experience), a
significance level of 0.05, a power of 0.75, and an improvement
with therapy to half the untreated value, the maximum number of
patients theoretically required can be estimated to be 82 patients
per group (Fig 1). If imipenem—cilastatin sodium therapy proves to
be either very effective or detrimental, the sequential analysis
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will allow the study to be completed with significantly fewer
patients.

RESULTS

Because the population for this study conflicts with another
study, no patients have been entered into this study to date.

DISCUSSION
When 50 patients have completed the study, the data will be
analyzed as to the prophylactic activity of imipenem—cilastatin
sodium against bacterial pneumonias.
PRESENTATIONS/PUBLICATIONS
None.
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Burn injuries have been shown to impair immune function. One
of the hypotheses for the etiology of the immunosuppression is that
burn injuries result in an elevation of prostaglandin E (PGE)
levels which then impair leukocyte function. We evaluated the
effect of PGE levels on immune function in multiple animal models
utilizing T cell subset levels for our immunologic measurements.
Elevations in PGE levels were achieved by administering
16,16—dimethyl—-prostaglandin E (dPGE) and reductions by
administering indomethacin. The animal models included burned
rats, burned-septic rats, and nonburned rats. Neither indomethacin
nor dPGE administration resulted in alterations in any of the
T—cell subset populations in our models.
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INVESTIGATION OF THE PHYSIOLOGIC AND IMMUNOLOGIC FUNCTION
OF PROSTAGLANDIN E IN SEPTIC AND TRAUMATIZED RATS

Traumatic injures have been demonstrated to result in a
suppression of the body’s normal immune system (1,2). The
postinjury immunosuppression involves nearly the entire immune
system (3). Its exact etiology has not been completely elucidated;
however, the most frequently espoused explanation for the
development of the immunosuppression is that the injury results in
the release of potent immunosuppressive metabolites (4). One of
the most extensively investigated of these metabolites is
prostaglandin E (PGE) (5,6).

It has been demonstrated that PGE impairs immune function in in
vitro leukocyte culture models (7). In these models, PGE was added
to WBC cultures and various leukocyte functions were assayed.
Additional support for an immunosuppressive effect of PGE has been
obtained through the use of animal models in which cyclooxygenase
inhibitors were administered to traumatized animals (8,9). In
these studies, the administration of cyclooxygenase inhibitors
prevented and/or corrected posttraumatic immunosuppression and
increased survival rates following bacterial challenges.

More recently, it has been reported that the parenteral
administration of a long—acting PGE derivative,
16,16—dimethyl-prostaglandin E (dPGE) (10), resulted in an enhanced
rate of survival in nontraumatized rats subjected to an Escherichia

coli peritonitis (11). This improved survival appears due, at
least in part, to an enhanced resistance to endotoxin shock in the
dPGE-treated rats (12). Finally, it has been reported that dPGE

administration decreases the rate of release of TNF in response to
endotoxin challenge (12).

The discrepancies in the above studies may be due to
differences between the effect of PGE in vitro and in vivo. If
this is the case, previous work demonstrating that PGE decreases T
lymphocyte helper/suppressor ratios in in vitro models may not
accurately reflect the in vivo effect of PGE (7). Our current
study attempts to delineate the in vivo effects of PGE on
T-lymphocyte subsets by administering the cyclooxygenase inhibitor,
indomethacin, or dPGE to normal, traumatized, and traumatized,
septic rats.

MATERIALS AND METHODS

Animals. Seventy-two adult male Lewis rats weighing #250 g
were used for these studies. The animals were housed in individual
stainless steel hanging cages and allowed food and water ad
libitum. The animals were observed for a minimum of 1 week prior
to entry into the study to exclude the possibility of any
preexisting diseases.
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Drugs. The dPGE was generously supplied by the Upjohn Company
(Kalamazoo, MI) and the indomethacin by the Merck Sharpe & Dohme
Corporation (Columbus, OH). Both drugs were diluted with
sufficient normal saline to achieve final concentrations such that
each dose of drug administered to the animals was in a final volume
of 1 ml. The drugs were administered by intraperitoneal injection
through a 25-ga needle.

Animal Models. The three animal models were chosen to reflect
three common clinical situations:

To evaluate the effect of elevated PGE 1levels in
nontraumatized animals, 9 animals received twice daily injections
of saline for 4 days and 9 animals received twice daily injections
of 80 ug/kg dPGE.

To evaluate the effect of elevated PGE levels in
traumatized animals, the animals were anesthetized with sodium
pentobarbital (35 mg/kg IP). The hair was clipped from the backs
and the animals were placed in an asbestos—coated template which
exposed 30% of the total body surface area. The template was
immersed in a 95°C water bath for 10 sec. This model has been
shown to result in an uniform full-thickness burn injury which is
painless to the animal due to the destruction of nerve endings by
the burn. The animals were resuscitated with lactated Ringer’s
solution (5 ml IP) immediately following scald injury. Nine
animals were pretreated with 4 mg/kg indomethacin, which was
continued on a twice daily basis for 4 days. This dosage of
indomethacin had been previously demonstrated to have no major
adverse effects in Lewis rats (13). Nine animals were pretreated
with 1 ml saline, which was continued on a twice daily basis.
Finally, 9 animals were pretreated with 80 ug/kg dPGE, which was
continued on a twice daily basis.

To evaluate the effect of elevated levels of PGE in
traumatic—septic situations, the animals received scald injuries as
previously described. Following scald injury, the burn wounds were
seeded with 1 X 10® Pseudomonas aeruginosa (Strain 1244). The
Pseudomonas aeruginosa organisms had been cultured the night before
in trypticase soy broth, washed 3X in normal saline, and
resuspended in sufficient saline to achieve a final concentration
of 1 X 10% cfu/ml. One milliliter of this suspension was painted
onto the wound immediately following burn injury. This model had
been previously demonstrated to result in septic changes in Lewis
rats within 4 days of burn injury (14). Nine animals were
pretreated with 4 mg/kg indomethacin, which was continued on a
twice daily basis for 4 days. Nine animals were pretreated with
saline and 9 animals were pretreated with 80 ug/kg dPGE, which were
continued on a twice daily basis.

Lymphocyte Subset Analysis. Four days after infliction of burn
injury, the animals were anesthetized with sodium pentobarbital (35
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mg/kg IP). The animals underwent celiotomy and blood was obtained
by vena cava puncture. The spleens were removed, bivalved, and
lavaged with HBSS to harvest the splenocytes. Both blood and
splenocyte samples underwent leukocyte separation by centrifugation
on a Ficoll-Hypaque density gradient. The resulting lymphocyte
preparations were stained with standard anti-lymphocyte monoclonal
antibody preparations. These were washed once and then reacted
with affinity-purified, fluorescein-labeled goat anti-mouse IgG as
a second-step reagent.

Fluorescein-labeled cells were analyzed on a standard flow
cytometer. For each sample, 5,000 cells were assayed and the number
of cells labeled by the monoclonal antibodies specific for pan-T
(0X-19), helper—-inducer (W-25), or suppressor—cytotoxic (0X-8) cell
surface markers was determined. Each sample had a negative control
using a monoclonal antibody of the same isotype (IgG;) to human T
cells (anti-Leu3) run to determine the cutoff point. The positive
cutoff was set at a point defining the upper 2% or less of the
background control and the number of background control cells
subtracted from each sample. Nonlymphoid cell contamination was
monitored by analyzing forward and 90° light scatter. Cells with
scattered-light intensities that were outside limits established
for normal lymphocytes were removed (gated) from analysis.

All data were presented as mean * SE of the mean. Comparison
between groups was performed using ANOVA.

RESULTS

In the nonburned animal groups, the administration of dPGE
failed to alter the percentage of pan-T cells, helper T cells,
suppressor T cells, or the helper—-suppressor T lymphocyte ratio of
either blood lymphocytes or splenocytes (Table 1). There were
significant differences between blood and splenic lymphocyte
subpopulations. In the saline treatment groups, there was a higher
percentage of pan (P = 0.0019), helper (P = 0.0004), and suppressor
(P = 0.02) T lymphocytes among blood lymphocytes as compared to
splenic lymphocytes. The helper—-suppressor T cell ratio was also
noted to be significantly higher among blood T lymphocytes when
compared to splenic T lymphocytes (P = 0.0013). When analyzing
lymphocytes from dPGE-treated animals, there again was an increased
percentage of pan-T cells (P = 0.014) and helper T lymphocytes
(P = 0.016) among blood lymphocytes as compared to the splenic
lymphocytes. The differences in suppressor T cells and the
helper—suppressor T cell ratio were not significant.

The analysis of T cell subpopulations in burned animals failed
to demonstrate any measurable effect of either indomethacin or dPGE
treatment (Table 2). Although neither drug was able to
significantly alter the percentage of pan, helper, or suppressor T
cells or the helper-suppressor cell ratio compared to
saline-treated controls, there were noted to be significant
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TABLE 1. Percentage of Pan, Helper, and Suppressor T Cells and
Helper/Suppressor Ratios in Normal Rats Treated with
Saline or dPGE

Helper/
Group Pan Helper Suppressor Suppressor
Splenic Lymphocytes
Saline 51.9 + 3.4 31.4 + 3.2 14.8 +0.9 2.1 £ 0.2
dPGE 55.3 £ 5.2 38.8 + 5.4 14.3 *1.1 2.7 + 0.3
Blood Lymphocytes
Saline 81.7 + 3.7 65.0 + 2.6 16.8 *1.1 3.9 £ 0.2
dPGE 82.2 + 2.7 61.3 + 1.7 18.2 1.9 3.9 + 0.5

TABLE 2. Percentage of Pan, Helper, and Suppressor T Cells and
Helper/Suppressor Ratios in Burned Rats Treated with
Saline, dPGE, or Indomethacin

Helper/
Group Pan Helper Suppressor Suppressor
Splenic Lymphocytes
Saline 82.7 + 0.9 62.3 + 0.5 17.6 £ 0.8 3.6 £ 0.2
dPGE 78.2 £ 1.6 57.0 £+ 1.7 18.3 = 0.6 3.2 £ 0.1
Indomethacin 81.3 + 1.5 59.8 + 1.8 18.6 £ 0.5 3.2 £+ 0.1
Blood Lymphocytes
Saline 86.9 + 1.7 67.5 £ 1.3 16.3 £ 1.4 4.4 + 0.4
dPGE 87.1 ¢+ 1.5 65.9 + 1.3 18.1 £ 2.0 3.9 + 0.4
Indomethacin 87.2 £ 1.2 67.9 + 3.1 22.7 + 4.5 3.4 + 0.3

differences in T cell subpopulations between blood and splenic
lymphocytes. 1In saline—-treated burned animals, the blood helper T
lymphocyte percentage was greater than the splenic helper T
lymphocyte percentage (P = 0.0113). In dPGE-treated animals, the
blood pan-T cell population was significantly greater than the
splenic pan—-T cell population (P = 0.0043), as were the helper
(P = 0.0033) and helper—-suppressor T lymphocyte ratios
(P = 0.0414). Burned animals treated with indomethacin also
demonstrated significantly higher T cell subpopulations among blood
lymphocytes as compared to splenic lymphocytes. These differences
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were noted in the pan-T cell subpopulations (P = 0.0081) and the
helper T cell populations (P = 0.0476).

Neither indomethacin nor dPGE administration were found to
alter lymphocyte subpopulations in burned-infected animals (Table
3). There were noted to be significantly lower percentages of
pan—-T lymphocytes and helper T lymphocytes in the spleens as
compared to blood in the indomethacin treatment group (P = 0.0331
and P = 0.0218, respectively).

TABLE 3. Percentage of Pan, Helper, and Suppressor T Cells and
Helper/Suppressor Ratios in Burned-Infected Rats Treated
with Saline, dPGE, or Indomethacin

Helper/
Group Pan Helper Suppressor Suppressor
Splenic Lymphocytes
Saline 72.7 £ 2.0 51.5 + 3.7 19.6 + 0.7 2.8 + 0.2
dPGE 64.8 + 3.9 52.1 £ 2.7 18.8 + 0.8 2.8 £ 0.2
Indomethacin 63.9 = 3.9 48.2 + 3.4 16.9 + 1.0 2.9 £ 0.2
Blood Lymphocytes
Saline 76.6 + 3.6 60.9 + 4.7 17.2 £ 0.9 3.7 £ 0.5
dPGE 76.4 = 1.7 60.1 = 2.8 18.6 + 1.9 3.5 + 0.5
Indomethacin 80.2 + 2.5 62.2 + 1.4 17.5 £ 1.7 3.7 £+ 0.4
DISCUSSION

Previously published papers on the effects of PGE in trauma and
burn patients suggested that serum PGE levels are increased
following such injuries and that PGE was immunosuppressive. The
date which demonstrated an immunosuppressive effect of PGE were
primarily obtained from in vivo models in which PGE was added to
leukocyte cell cultures and the leukocytes assayed for various WBC

functions. Utilizing such in vitro models, Chouaib et al (7)
demonstrated that PGE was a potent inducer of suppressor T
lymphocytes. There has been 1little in vivo data available to

confirm these in vitro findings due to the extremely short
half-life of PGE following parenteral administration.

To circumvent this problem, Zapata-—-Sirvent and Hansbrough (15)
attempted to assay indirectly the immunologic effects of elevated
PGE levels by administering cyclooxygenase inhibitors to burned
mice. They reported that the administration of either ibuprofen or
indomethacin to burned mice increased the number of helper T
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lymphocytes and the helper—suppressor ratio while it decreased the

number of suppressor T lymphocytes as compared to burned, untreated
mice.

OQur current study failed to demonstrate such a beneficial
effect on the number of helper or suppressor T lymphocytes or the
helper—-suppressor T lymphocyte ratio in either burned or
burned—-septic rats administered indomethacin. There would appear

to be several possible explanations for this discrepancy. Our
model was a different animal species (rats) with a more extensive
burn size (30%). Also in our study, the animals were sacrificed

after 4 days of drug treatment while in the prior study, the mice
were sacrificed after 2 weeks of drug treatment. This difference
in time sequence may be important since Zapata-Sirvent and
Hansbrough reported that the decrease in helper—suppressor ratio
was not apparent in mice by postburn day 4. However, Burleson et
al reported that a significant decrease in the helper-suppressor
ratio could be identified in burned-septic rats as early as 2 days
following burn injury (16).

Our current study also failed to demonstrate any measurable
immunologic effect of dJPGE administration on the percentage of
helper, suppressor, or pan—-T lymphocytes or on the
helper—suppressor T-lymphocyte ratios. This discrepancy beuween
our in vivo data and earlier in vitro studies emphasizes the
limitations of trying to extrapolate cell culture data to predict

the physiologic and immunologic effects of parenteral drug
treatments.

Although our study failed to demonstrate any statistically
significant effects of either drug treatment on lymphocyte T cell
subset populations, it did demonstrate significant differences in
the T 1lymphocyte subpopulations between blood and splenic
lymphocytes. In nonburned, burned, and burned—-septic animals, it
was frequently found that blood lymphocytes had a higher percentage
of pan-T and helper T cells and a higher helper—-suppressor
T-lymphocyte ratio when compared to splenic lymphocytes. This
finding is consistent with previous work which demonstrated that
the spleen has a high proportion of suppressor lymphocytes which
can impair immune function and protect against allograft rejection
(17). Such a finding emphasizes the limitations of utilizing data
obtained from splenic cells in an attempt to estimate total body
immune function.

PRESENTATIONS
Waymack JP: Effect of prostaglandin E on resistance to
endotoxin and tumor necrosis factor shock. Presented at the 9th

Annual Meeting of the Surgical Infection Society, Denver, Colorado,
13 April 1989.
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Waymack JP, Guzman RF, Burleson DG, McManus AT, Mason AD Jr,

and Pruitt BA Jr: Effect of prostaglandin E in multiple
experimental models: VI. Effect on T-cell subsets. Prostaglandins
38(3) :345-53, September 1989.
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A clinical trial and in vitro evaluation of the parenteral
antibiotic ceftazidime as monotherapy in infected burn patients is
in progress. Twenty—one patients have been enrolled into the
study. Sensitivity of Gram—negative organisms to ceftazidime has
remained high (> 93%) during the trial. A beta—lactamase capable
of inactivating ceftazidime and all other tested cephalosporins has
been recovered from several treated patients. The characteristics
and spread of this enzyme are being investigated.
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ALTERATION OF HOST RESISTANCE IN BURNED SOLDIERS

Experimental Parenteral Agents. The in vitro activity of three
newly approved antibiotics is presented in Table 1. A clinical
trial of ceftazidime as monotherapy for infected burn patients is
in progress. Ceftriaxone sodium and aztreonam have not been used
clinically to date.

TABLE 1. Activity of Experimental Antibiotics for Fiscal Year 1989

Fiscal Year 1986 1987 1988 1989
Ceftazidime®

Resistant 63 (6.4%) 80 (6.7%) 480 (15.4%) 630 (21.0%)

Sensitive 928 1,106 2,633 2,367

Ceftriaxone Sodium®

Resistant 157 (16.8%) 167 (14.4%) 843 (37.0%) 737 (24.6%)

Sensitive 928 1,106 2,633 2,367
Aztreonam?

Resistant 1 (0.0%) 81 (7.1%) 540 (33.9%) 616 (37.6%)

Sensitive 928 1,106 2,633 2,367

() = Percent resistant. aAgainst all flora except

oxacillin-resistant Staphylococcus aureus. bAgainst Gram—negative
aerobic flora.

Cross resistance to all tested cephalosporins has been
observed. The mechanism of resistance appears to be a newly
described beta-lactamase enzyme (1). Examination of resistant
strains by isoelectric—-focusing techniques has shown them to
contain multiple beta-lactamase activities. One activity at an
isoelectric point of 6.3 appears to be common among the strains.
Investigations into the location (plasmid and/or chromosomal) of
the gene responsible for this enzyme are being conducted. The
multiply resistant phenotype has been found in 3 enteric
Gram—negative species isolated from 7 burn patients.
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Experimental Topical Agents. Five-percent mafenide acetate was
examined for in vitro activity against Pseudomonas
aeruginosa isolated from 39 burn patients. Agar dilution minimal
inhibitory concentration (MIC) assays were done on 193 strains.
The mean MIC was 0.225 g/100 ml. The median MIC was 0.156 g/100
ml. Data comparing fiscal years 1988 and 1989 are presented in
Table 2. The increase in strains with MIC of 0.6258 g/100 ml was
not significantly different from the previous reporting period.

TABLE 2. Minimal Inhibitory Concentration for Pseudomonas
aeruginosa Strains to Mafenide Acetate

Mafenide Acetate

Concentration Number of Strains Number of Strains

(9/100 ml) Fiscal Year 1988 Fiscal Year 1989
0.019 10 24
0.039 16 11
0.078 36 26
0.156 39 50
0.312 42 59
0.625 13 23
1.250 _2 —
Total Number of Strains 158 193

The therapeutic effects of p-—-aminobenzoic acid (PABA) and
p—aminobenzoic acid/mafenide acetate (PABA/MA) as antipseudomonal
agents were tested using the thermally injured ra: burn model.
These results are presented in Tables 3 through 6. PABA was found
not to have significant topical antimicrobial activity.

Two experimental liquid burn dressings (basic formula and basic
formula with 3% DMSO) were tested for therapeutic effects using the
thermally injured rat burn model infected with Pseudomonas
aeruginosa (Strain 1244) at 24 h postburn. Immediately following
burn injury, the wounds were covered with sterile gauze held in
place with surgical staples. The experimental liquid burn dressing
was applied liberally to the gauze covering the burn wound twice
daily for 10 days beginning at 1 or 24 h postburn The results are
presented in Table 7.
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TABLE 3. Examination of PABA in Pseudomonas aeruginosa-Infected
Rats (Dead/Total)

Mortality

Group 1st Study 2nd Study Total (%)
Control 10/10 10/10 20/20 100
Silver sulfadiazine 1/10 - 1/10 10
Mafenide acetate 10/10 2/10 12/20 60
7.6% PABA 7/10 10/10 17/20 85
3.8% PABA 9/10 10/10 19/20 95
1.5% PABA 10/10 9/9 19/19 100

Serologic Types of Pseudomonas aeruginosa Isolated from Burn
Patients. Pseudomonas aeruginosa isolates from 14 patients were
serotyped using the Difco International Typing Sera™ set and
autoclaved bacterial suspensions. Strains were selected on the
basis of having a distinct antibiotic sensitivity pattern for each
patient. A total of 51 strains were typed. Data are presented as
the total number of patients with each serotype and the total
number of isolates per serotype in Figure 1. Serotypes 01 and 04
were the predominant types identified.

Modification of the Standard Infected, Burned Animal Model for
Delayed Infection Studies. Delayed inoculation studies were
continued this year in order to better simulate a clinical
infection in the burned animal model. Inoculation of the burned
rat was delayed 5 days postburn. Delayed inoculation was carried
out with two clinical isolates and the standard challenge (Table
8) . The standard challenge strain and the better of the two
clinical isolates were titered (see Tables 9 and 10) to determine
optimum concentration of Pseudomonas aeruginosa to establish an
LD;go- The delayed infection studies showed that it is possible to
infect burned rats several days after burn injury, although on a
limited basis.

Surveillance of Clinically 1Isolated Candida species for
Resistance to Nystatin. Clinically isolated and identified Candida
species were tested for susceptibility to nystatin using the agar
dilution method for determining MIC values. A test range of
0.007-1000 pg/ml nystatin was used. A total of 213 isolates from
36 burn patients were tested during this fiscal year. Table 11
lists the organisms isolated. Table 12 1lists the MIC for nystatin
of tested Candida albicans and Candida rugosa strains. These two
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species accounted for over 97% of the isolates. Using a 8 ug/ml
break point, all Candida rugosa and 98% of Candida albicans were
sensitive to nystatin. A display of Candida albicans MIC values is
presented in Figure 2.

PRESENTATIONS/PUBLICATIONS

None.

TABLE 5. Examination of PABA/MA in Pseudomonas aeruginosa-Infected
Rats (Dead/Total)

Mortality
Group 1st Study 2nd Study Total (%)
Control - 10/10 10/10 100
MA 5/10 5/10 10/20 50
5% MA 5/10 7/9 12/19 63
5% PABA 10/10 10/10 20/20 100
5% PABA/5% MA 9/10 10/10 19/20 95
(Unibase)
5% PABA/5% MA 9/10 - 9/10 90
(Aquaphor)

TABLE 6. Examination of PABA/MA in Pseudomonas aeruginosa—Infected
Rats (Dead/Total)

Mortality

Group l1st Study 2nd _Study Total (%)

Control 11/11 10/10 21/21 100

MA 5/13 10/10 15/23 65

5% PABA/10% MA 9/13 9/10 18/23 78
(Unibase)

10% PABA/5% MA 12/13 10/10 22/23 96
(Unibase)
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TABLE

7. Examination of Experimental Liquid Burn Dressings in
Pseudomonas aeruginosa-Infected Rats

Mortality
Group Dead Total _ (%)

Control 6 6 100
Mafenide acetate 0 1 0
Basic formula

0 h postburn 10 10 100

24 h postburn 9 10 90
Basic Formula + 3% DMSO

0 h postburn 9 10 90

24 h postburn 8 10 80
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FIGURE 1. Frequency of Pseudomonas serotypes.
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TABLE 8. Delayed Inoculation (5 Days Postburn) with Virulent
Clinical Isolates in Burned Rats

Pseudomonas Mortality
Strain Dead Total (%)
1244 14 18 77.8
881111020 14 18 77.8
881211013 15 18 83.3

TABLE 9. Titration of Pseudomonas aeruginosa (Strain 1244) at 5
Days Postburn in Burned Rats

cfu/ml 10° 107 102 103 10%* 10% 10% 107 10%® 10°
Dead/Total 1/6 0/5 1/5 1/5 1/5 1/6 4/6 4/6 1/5 4/5
Mortality (%) 17 0 20 20 20 17 68 68 20 80

TABLE 10. Titration of Pseudomonas aeruginosa (Strain 881211013)
at 5 Days Postburn in Burned Rats

cfu/ml 10° 10 10% 103 10% 10% 10% 107 10% 10°
Dead/Total 0/5 2/5 0/5 0/5 2/5 5/5 4/5 4/5 5/5 4/5
Mortality (%) O 40 0 0 40 100 80 80 100 80
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TABLE 11. Clinically Isolated Candida species Tested for Nystatin

Susceptibility
Number of
Candida species Isolates
Candida albicans 152
Candida rugosa 56
Candida tropicalis 3
Candida parapsilosis _2
TOTAL NUMBER OF ISOLATES 213

TABLE 12. MIC of Nystatin for Candida albicans and Candida rugosa

Nystatin Concentration Candida albicans Candida rugosa

_(ug/ml) (n=152) (n=56)
2 90 3
4 38 27
8 21 26
1000 3 -

100 — —— —-

40{

20

-~ |
8 L 32 64 128 256 512 1000
MINIMAL INHIBITORY CONCENTRATION (mcg/imi)

2 4

FIGURE 2. Frequency distribution of MIC values for Candida
albicans against nystatin.
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Several fluorescent substances are present in the supernatant
of acid-precipitated blood from burned patients. We have
previously reported that PCA supernatants of sera from infected,
but not from uninfected, burned rats contain a fluorescent
substance with maximum emission at 420 nm at 355 nm excitation
(355 ex/420 em). In this study of similarly prepared sera from
burned patients, several substances were resolved by reverse—phase
HPLC. One of these fluorescent components had HPLC r=atention time
and fluorescent characteristics identical to those of neopterin.
The identification of this component as neopterin was verified by
thermospray MS. Serum neopterin concentrations were then
determined in supernatants of patient serum samples having various
levels of 355 ex/420 em fluorescence. A correlation was found
between the concentrations of neopterin determined by HPLC and the
levels of fluorescence found in the PCA supernatants. These
findings suggest that neopterin, which is a useful indicator of
infection in other clinical settings, may also be an indicator of
infection in burned patients.
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CHARACTERIZATION OF BIOCHEMICAL INDICATORS OF INFECTION
IN THE THERMALLY INJURED

Infection poses a serious threat to all severely burned
patients and is a persistent obstacle to successful therapy.
Prompt diagnosis of sepsis is crucial for timely treatment and for
patient survival. Systemic changes induced by burn injury, such as
leukocytosis and fever, hamper the early detection of sepsis and
make its diagnosis more difficult. Rapid biochemical detection of
sepsis, if reliable, could provide diagnostic verification more

promptly than is currently possible with standard microbiologic
techniques.

Abnormal levels of hormones (1,2), acute—phase proteins (3, 4),
and fluorescent substances (5,6) in blood and plasma occur in the
presence of inflammation and/or infection in human bur.. patients
and animal burn models. Their presence in blood and plasma
reflects a metabolic response to both trauma and infection. Though
biochemical species specific to the invading species are desirable,
the spectrum of microbes to be differentiated, and their low levels
in the blood early in infection, limit the likelihood of developing
such indices. As an alternative, a biochemical change in serum or
blood specific to infection would permit separate identification of
this metabolic response and might have diagnostic utility.

We have purified and biochemically characterized substances
from the blood of burned patients in which fluorescence with
maximum emission at 420 nm at 355 nm excitation (355 ex/420 em) was
detected in PCA supernates. These substances offer some promise as
specific indicators of the presence of infection.

MATERIALS AND METHODS

Measurement of Fluorescent Indicators. One milliliter of
anticoagulated blood was mixed with 4 ml of cold (4°C) PCA (0.8 M).
After incubation for 10 min, the mixture was centrifuged at 4°C for
10 min at 3,000 g. The supernatant was recentrifuged at 20,000 g
for 30 min. The clear supernatant was transferred to another tube
and fluorescence was then measured using a spectrofluorometer (SLM
Instruments, Inc., Urbana, IL) at 355 ex/420 em. The fluorometer
was standardized by using a calibration standard (fluorescence
intensity block).

HPLC Determination of the 355 ex/420 em Factor in Serum. Serum
(100 pl) was deproteinized by incubating at 100°C in an o0il bath
for 20 min after the addition of 200 Ml of 0.2 M potassium

phosphate buffer (pH 4.5). The mixture was then centrifuged at
20,000 g for 20 min and the supernatant was injected directly on
HPLC. HPLC was performed on an Hewlett—Packard™ 1liquid

chromatograph (Model 1090) with a Biophase™ ODS reverse phase
4.6 X 250-mm column (Bioanalytical Systems, Inc., West Lafayette,
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IN). The mobile phase consisted of 0.05 M ammonium acetate at pH
7.0. The column temperature was maintained at 45°C and the flow
rate was 1.0 ml/min. The HPLC was equipped with a Kratos™
fluorescence detector (Model 980) with a 25—-ul flow cell. The
excitation monochronometer was set at 350 nm and the emission
cutoff filter was at 389 nm. 1he retention time for standard
pterins (Sigma® Chemical Company, St. Louis, MO) was determined
using 10 Ml of a standard solution of pterins (10 ng/ml). The
amount of each fluorescent substanc2 present was measured on a
Hewlett-Packard integrator (Model 33923).

Mass Spectral Analysis of the 355 ex/420 em Factor. Serum
supernatants were purified by ion exchange chromatography after
heat denaturation and separation of the serum proteins by a
modification of the method of Stea et al (6). The supernatants
were passed through a cation exchange membrane (Bio—-Rad
Laboratories, Richmond, CA), washed with distilled water, and
eluted directly onto an anion exchange membrane (Bio—-Rad
Laboratories) with 3 ml of 0.1N ammonium hydroxide. The anion
exchange membrane was washed with distilled water and the sample
eluted with 3 ml of 1N formic acid. The ion exchange eluate was
concentrated under a stream of nitrogzn. A portion (1 Hl) of the
concentrate was injected into the HPLC and the column effluent
directly into the thermospray module of the MS. Mass spectral
analysis was performed on a Hewlett—Packard Model 5988 TS-LC/MS
with a thermospray LC-MS interface. The HPLC column was a C-18
reverse phase, the flow rate was 1 ml/min, and the elution buffer
was 0.1M ammonium acetate buffer.

RESULTS

The optimal chromatographic conditions described in the
MATERIALS AND METHODS section were determined for chromatography of
the 355 ex/420 em factor. The chromatogram obtained for a mixture
of pterins under these conditions is shown in Figure 1. Neopterin
had a retention time of 5.% min and biopterin, 9.4 min. A patient
sample that had a relatively high fluorescence at 355 ex/420 em
after PCA precipitation was deproteinized by heat and analyzed by
HPLC. The chromatogram obtained is compared with a sample
extracted from a normal control in Figure 2. Three of the peaks in
the patient sample had retention times similar to neopterin,
iso—xanthopterin, and biopterin, respectively (Fig 1), while none
of the same peaks were present in the control sample.

Since the fluorescence characteristics and HPLC chromatography
of one of the substances were similar to those of neopterin, mass
spectral analysis was performed on the partially purified sample in
order to verifv the identity of the peak corresponding to
neopterin. Because the sensitivity of the MS was less than that of
the fluorescerce detector, a pool of serum samples (3 ml) from
several patients with high 355 ex/420 em fluorescence was
deproteinized and the supernatant purified by ion exchange
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FIGURE 1.

D <+ 8.32

_
. = +—9.35
<+—10.40

Chromatogram of neopterin and five other pterins. A
5-ul aliquot of a standard solution containing 10 pg/ml
of pterin—-é6-carboxylic acid (4.0 min), neopterin (5.4
min), xanthopterin (5.88 min), iso—-xanthopterin (8.32
min), biopterin (9.35 min), and 6-methyl pterin (10.4
min) was chromatographed under the conditions described

in the text.
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FIGURE 2. Comparison of HPLC chromatograms of partially purified
patient sera and standard neopterin using mass spectral
single ion monitoring for detection. Effluent from HPLC
separation of the ion exchange—purified pool of patient
sera was directed into the thermospray module of a MS.
The parent ion (M+1 = 254 amu) for standard neopterin
was monitored specifically to detect neopterin.

chromatography. The eluate from the ion exchange column was
concentrated and repeatedly chromatographed by HPLC. The eluate of
the peak corresponding to neopterin was collected after each
injection. The collections were pooled and concentrated by
evaporation. Confirmation of the identity of the unknown peak as
neopterin was obtained by comparison of the unknown peak with that
of a known neopterin standard. Since the fluorescence detector and
the MS could not be run simultaneously, the column eluate was
diverted to the MS and compounds separated on the HPLC column wece
detected by monitoring for the parent ion (254 amu). Specific
monitoring for the parent ion of neopterin (m+1l, 254 amu) revealed
the presence of neopterin (Fig 3) in the HPLC-purified samples.

The chromatograms for five patients selected with high levels
of 355 ex/420 em factor are shown in Figure 3. All of the patients
experienced infection during their hospital course. Samples from
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FIGURE 3. Comparison of HPLC chromatograms of patient samples
(b—f) with high fluorescence readings to an unburned
control sample (a). Five patient samples with high
values for the 355 ex/420 em factor were chromatographed
by HPLC with a fluorescence detector. Peaks are most
consistently present at 5.3 min, 8.1 min, 9.2 min, and
9.9 min in the patient samples.

4 of the 5 patients were taken < 11 days after a clinically defined
infection. Neopterin has a retention time of 5.3 min under the
conditions employed when these chromatograms were obtained. All 5
patients had levels of neopterin above that found in the control.
In addition to neopterin, three other fluorescent substances were
present consistently in the PCA supernatants. These fluorescent
substances had retention times of approximately 8.1, 9.2, and 9.9
min. The 8.1- and 9.2-min retention times corresponded to the
retention times for standard solutions of iso—-xanthopterin and
biopterin, respectively. Further studies are being conducted to
identify these substances. Combined, the neopterin and the other
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three recurring peaks account for an average of 72.1% of the
fluorescence measured during the first 10 min of analysis by HPLC
under these conditions.

The PCA fluorescence was originally observed in the presence of
infection in burned animals. Since the fluorescent spectra of
neopterin shift to shorter wavelengths at low pH, the direct
contribution of neopterin fluorescence to the total fluorescence in
PCA supernatants may be quite small. A number of human serum
samples were analyzed to determine whether neopterin concentration
was correlated with the level of fluorescence in the PCA
supernatants. The relative amounts of material corresponding to
the neopterin HPLC retention time (using neopterin as a standard)
were determined by integration of the HPLC peaks in randomly
selected patient samples. This result was plotted against the log
of the fluorescence of the same unpurified supernatants at
355 ex/420 em. Figure 4 depicts the correlation between neopterin
concentration and the log of 355 ex/420 em fluorescence in plasma.
The correlaticn coefficient (R) was 0.91, (R2 = 0.83), suggesting
that although neopterin may not contribute significantly to the
355 ex/420 em fluorescence in PCA supernatants, it is present in
increased concentration under the same conditions that cause
355 ex/420 em fluorescence to be elevated.

DISCUSSION

We have consistently found four fluorescent components in
patient sera. These substances have fluorescent characteristics
similar to nucleotide derivatives such as the pterins. Three of
the components co-purify with and are chromatographically similar
to pterin standards. We have established the chemical identity of
one of these substances as neopterin.

Neopterin is secreted by activated cultures of mononuclear
leukocytes and is excreted in increased amounts by humans whose
immune systems are responding to viral infection (7), including HIV

(8,9) and tuberculosis (10). Neopterin has been used as a
prognostic indicator for certain kinds of cancer (1l1) and as a
measure of transplant rejection (12). Despite its widespread

presence, no physiological role for neopterin has been found. Its
precursor, dihydroneopterin triphosphate, is also a precursor of
tetrahydrobiopterin which is a cofactor in hydroxylation reactions,
particularly the hydroxylation of phenylalanine to form tyrosine,
the precursor of serotonin and the catecholamines.

The correlation of serum neopterin levels in human burn
patients with the levels of fluorescence previously identified as
potential indicators of infection in burned animals points to its
potential as an indicator of infection in burned patients. It is
relatively easy to identify in body fluids by HPLC and a RIA has
also been developed (13). These facts, combined with its
demonstrated utility as an indicator of infection in other
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FIGURE 4. Correlation of neopterin levels with levels of
355 ex/420 em log fluorescence in serum samples from
burned patients. Supernatant fluorescence of
PCA-precipitated serum samples was determined and a
separate aliquot of the same sample was used for
neopterin determination. Neopterin was quantified by
integrating peak areas obtained during HPLC analysis.
The log of the 355 ex/420 em fluorescence is plotted on
the X axis and the HPLC—-determined neopterin
concentration for the same sample is plotted on the Y
axis.

conditions, portrays its potential usefulness as an indicator
specific to infection in burned patients. Studies are underway to
determine if there is a correlation between serum neopterin levels
and the presence cf infection.

PRESENTATIONS/PUBLICATIONS
Burleson DG: Variation of T lymphocyte antigen expression.

Presented at the Becton Dickinson Biannual User’s Conference, San
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We have previously demonstrated that PA was a weak inhibitor of
dihydropteroate synthase. This observation supported the fact that
in vitro resistance to the activity of sulfonamide agents often
showed cross—-resistance with PA. Further investigations into the
antipseudomonal activities of PA have shown that much higher
concentrations of the agent were required to inhibit
dihydropteroate synthase in cell lysates than were required to
inhibit the growth of intact organisms. This observation suggests
that a second and more sensitive site of action for PA may exist.
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AN UNEXPECTED AND UNEXPLAINED MODE OF ANTIMICROBIAL ACTION OF
PHOSPHANILIC ACID (PA) AND PARA-AMINOBENZOIC ACID (PABA) -
PROBABLE SIMILARITY TO THE MODE OF ACTION OF MAFENIDE ACETATE

We recently presented direct evidence at the enzyme level that
PA was a weak inhibitor of dihydropteroate synthase (1,2). Through
indirect evidence gained from studies with whole bacterial cells,
previous workers had suggested this mode of antimicrobial action of
PA (3-5). PA is a structural analog of PABA as well as of
sulfanilic acid and the sulfonamides. Chemically, PA is PABA
phosphate. Thus, PA has a phosphate group in the position occupied
by a sulfonate group in the "sulfa" drugs and by a carboxyl group
in PABA.

MATERIALS AND METHODS

Organisms. The two experimental organisms used in these
studies were Escherichia coli, a clinical isolate from a urine
specimen, and Pseudomonas aeruginosa (ATCC 27317). The latter
organism is considered to be the "standard virulent strain" of
Pseudomonas aeruginosa and is also referred to as Strain 1244.

Media. Unless otherwise indicated, the organisms were grown in
a chemically defined basal salt medium (6) supplemented, in final
concentration, with 20 mM glucose (BSG).

Minimal Inhibitory Concentration (MIC) Determinations. The
tube serial dilution technique was used to determine MIC using BSG
as the test medium.

Preparation of Cell-Free Extracts. Cells of Pseudomonas
aeruginosa and Escherichia coli were grown overnight at 37°C in
trypticase soy broth (BBL Microbiology Systems, Cookeysville, MD)
on a reciprocatina shaker. The cells were harvested by
centrifuging, washed once with 10 mM phosphate buffer (pH 7), and
then suspended in two volumes of the same buffer. The cells were
ruptured by two passes through a French pressure cell at 18,000
psi. DNase and RNase were added (final concentration, 100 ug/ml)
to the broken cell suspensions. Intact cells were removed by
centrifuging at 36,000 g for 30 min at 4°C. The supernatant was
then centrifuged at 100,000 g for 1 h at 4°C.

The supernatant from the latter centrifugation was brought to
55% saturation with (NH,),SO, by drop-wise addition of a saturated
(NH,) ,SO, solution at 0-4°C. The precipitated proteins were
sedimented by centrifuging at 35,000 g for 45 min at 4°C. The
sediments were then dissolved in 10 mM phosphate buffer (pH 7) and
dialyzed with gentle agitation for 24 h against the same buffer at
0-4°C. The extracts were stored in 0.5-ml samples at -70°C until
needed.
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Protein concentrations were determined by the Coomasie blue
technique wusing the Bio—-Rad™ protein assay kit (Bio—Rad
Laboratories, Richmond, CA). Bovine serum albumin was used as the
standard.

Assay for the Effect of Various Agents on Dihydropteroate
Synthase. 1In a total volume of 200 ul, the following reagents, in
final concentration, were used to measure the activity of
dihydropteroate synthase: Tris—HCl buffer (pH 8.3), 40 mM; MgCL2,
5 mM; dithiothreitol, 5 mM; 2-amino-4-hydroxy-6-hydroxymethyl-—
7,8- dlhydropterldlne—pyrophosphate (H,PtCH,O0PP), 20 HM;
[rlng—UL— C]PAB 20 MM; cell extract, 0.5 mg protein/ml; and
potassium phosphanilate and sodium sulfadiazine in final
concentration.

The reactions were incubated for 5 min in 1.5-ml microfuge
tubes in a 37°C water bath. The reactions were started by the
addition of the cell extracts and were stopped by placing the
incubation tubes in ice.

A 100-41 sample from each reaction was added to an area of
2 X3 cm on Whatman™ 3MM chromatography paper. Ascending
chromatography was run in 0.1 M phosphate buffer (pH 7). After
developing, the origins, i.e., 2 X 3—-cm areas, were cut out,
placed in minivials with 6 ml of Packard™ Opti-fluor scintillation
fluid (Packard Instrument Company, Inc., Downers Grove, IL), and
thelr radiocactivities determined. In this procedure, the
laco labelled dihydropteroate remained at the origin while the
unreacted 4C-PAB migrated with an Re = 0.8.

Reagents. DNase, RNase, and [ring-UL-!4C]PAB were purchased
from the Sigma Chemical Company (St. Louis MO). Phosphanilic acid
was purchased from Raylo Chemicals (Edmonton, Alberta, Canada).
All other reagents were purchased from commercial sources in their
highest state of purity.

RESULTS

That PA inhibited dihydropteroate synthase was not surprising
since this enzyme is the intracellular target of the sulfa drugs
that, being structural analogs of PABA, compete with PABA for an
active site on dihydropterocate synthase (7,8). Dihydropteroate
synthase condenses 2—amino—-4-hydroxy—-6-hydroxymethyl-
7,8-dihydropteridine-pyrophosphate with PABA to form dihydropteroic
acid. Dihydropteroic acid is a precursor of tetrahydrofolic acid,
the coenzymatic form of folic acid. The overall antimicrobial
effect of the sulfonamides, therefore, is the inhibition of folic
acid synthesis.

What was surprising was that a considerably higher
concentration of PA was required to inhibit dihydropteroate
synthase in cell-free extracts than was required to inhibit intact
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bacterial cells, particularly those of Pseudomonas aeruginosa as
compared to Escherichia coli. These data are shown in Tables 1 and
2. Sulfanilamide was used as a control for the data shown in Table
1 because it is a weak inhibitor of dihydropteroate synthase.

These results suggested, therefore, that PA had a second mode
of action other than inhibition of dihydropteroate synthase. Two
possibilities come to mind, i.e., PA inhibited some aspect of
bacterial growth and metabolism other than inhibition of
dihydropterocate synthase or PA was concentrated within the
bacterial cell.

Another surprise was that PABA itself was inhibitory under the
conditions of this study (Table 1). At the concentration used,
PABA was effective in overcoming the inhibitory effect of
sulfanilamide but not that of PA for Pseudomonas aeruginosa (Table
1). Instead, PABA appeared to enhance the antimicrobial activity
of PA against Pseudomonas aeruginosa. These results suggested that
the inhibitory effects of PABA and PA may have been due to the same
mechanism and that an additive effect was seen when the two agents
were used simultaneously.

Moreover, mafenide acetate, to which Pseudomonas aeruginosa is
especially sensitive, has been shown not to inhibit dihydropteroate
synthase (9,10). Chemically, mafenide acetate is
para-aminomethylbenzene sulfonamide, which means that it too is a
structural analog, not only of PABA, but of PA and the sulfa drugs
as well.

DISCUSSION

We speculate that the alternative mechanism of action of PA is
shared by mafenide acetate and by PABA. While our study methods
and results did not permit us to discern this alternative mode of
action, certain comparisons can be made. Lipophilic agents, such
as benzoic acid and salicylic acid, long have been used as food
preservatives. Their mechanism of action is considered to be due
to their effect on the bacterial cell membrane (11-13).
Specifically, these 1lipophilic agents are thought to uncouple
electron transport phosphorylation, i.e., oxidative
phosphorylation, thus interfering with energy generation and, as a
consequence, bacterial cellular physiological mechanisms in
general.

Mafenide acetate, PA, and PABA are also highly lipophilic. It
is tempting to speculate, therefore, that PA, PABA, and mafenide
acetate (and possibly the sulfa drugs as well) have an effect on
the bacterial cell membrane similar to that of the lipophilic food
preservatives. That bacterial cells may concentrate PA
intracellularly cannot be ruled out. Thus, which of the two
alternative modes of action listed above is correct, if indeed
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either is correct, will have to await further ctudies designed to
provide an answer to this questiomn.

TABLE 1. Minimal Inhibitory Concentrations (MIC) of PA and
Sulfanilamide in the Absence and Presence of PABA and MIC
of PABA alone for Pseudomonas aeruginosa in Basal Salts
Supplemented with 20 mM Glucose (BSG)

MIC (mM)*?
Pseudomonas Escherichia
Agent aeruginosaP coli®
Sulfanilamide 1.161 (3.483) 1.161
Sulfanilamide + 1.142 mM PABA > 5.8054 2.322
Phosphanilate 0.117 (0.585) > 0.585¢
Phosphanilate + 1.142 mM PABA < 0.059f (0.176) > 5.854
PABA 2.855 (2.855) 1.142

dThe tube serial dilution technique was used in which the
concentration of the agents were increased by increments of 100
#g/ml from 100 to 1,000 ug/ml or by increments of 10 ug/ml from 10
to 100 ug/ml. However, the results were recorded in molar
quantltles to facilitate comparison of data with Table 2.
PThe nonparenthetical numbers were results after 24 h incubation
while the parenthetical numbers were results after 48 h.
CEscherichia coli grew slowly on BSG and turbidity did not occur
until in excess of 24 h incubation. Thus, the results shown here
represent 48-72 h incubation.
dconcentrations > 5.805 mM PABA or 5.85 mM PA (> 1,000 ug/ml) were
not used.
eConcentratlons < 0.585 mM PA (< 100 ug/ml) were not used.
fconcentrations < 0.059 mM PA (< 10 Kug/ml) were not used.
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Analyses of TSH and serum thyroid hormones and their serum
binding indices at 6, 24, and 48 h and 7 days after a 17% total
body surface area (TBSA) burn, and of these variables 6 days after
a 25% TBSA burn or thyroidectomy with and without T, infusion
between burn or operation and sampling were made in young adult
male rats. The findings suggest the following assertions. The
fall in T, and T3 is not initially TSH-dependent. Serum T, and Tj;
are depressed beyond what might be explained by reduced food
intake. Iodothyronine binding is inhibited first to serum
proteins, then later also to the T3U test matrix. Then, the
results are consistent with a circulating inhibitor of thyronine
binding not only to serum proteins but also to the competitor in
the T;U test. 1In the rat burn model, by 6 days after a 25% TBSA
burn, serum TSH is relatively more depressed than normal by a given
level of available circulating T,. At this time, enhanced negative
feedback prevents a rise in TSH despite low thyronines in burn
injury.
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ROLE OF THYROID HORMONES IN BURN PATHOPHYSIOLOGY:
THE RAT BURN MODEL OF NONTHYROIDAL ILLNESS

Thyroid function and its relation to TSH in illness and injury
are not fully wunderstood (1,2). The often normal serum
thyrotrophin (TSH) level in critical illness and burn injury,
despite low iodothyronine levels, has been taken indirectly to
suggest altered control of TSH, possibly by increased sensitivity
to negative feedback. We investigated the time course of serum TSH
after burn injury and assessed changes in feedback sensitivity.

MATERIALS AND METHODS

For Phase I, adult male Sprague-Dawley rats received a sham
burn (S) or a 17% total body surface area (TBSA) full-thickness
scald burn (B). Sacrifice by guillotine was at 6, 24, or 48 h or
7 days (10-14 animals per group) for assays of serum tetra— ard
triiodothyronine (T4, T3), their binding (T; talc uptake, T3U;
equilibrium dialyzable fractions by tracer method, DFT,, DFT,),
free indices FT,I and FT3I (T, or T3 X T3U), free concentrations FT,
and FTy (T4 or T3 X DF), and thyrotropin (TSH). Hormones were
measured by RIA. The NIDDK TSH antibody and kit with RP2 standard
from the National Hormone and Pituitary Program (Baltimore MD) was
used with a sample volume of 0.2 ml. The least detectable value

was 0.5-1.0 ng/ml in buffer. Analyses were by t tests or analyses
of covariance.

For Phase II, adult male Sprague-Dawley rats were given a
standard 3° scald burn (B) of 25% of the TBSA under anesthesia or
a sham burn (S). Control rats were left untreated (C) or were
thyroidectomized (T). Half of S, B, and T rats were implanted with
subcutaneous Alzet® mini-osmotic pumps (ALZA Corporation, Palo
Alto, CA) (spP, BP, TP) to deliver T, at 11 ug/100 g/day, the other
half (S, B, or T) receiving diluent pumps. For 7 groups, n ranged
12-20. Serum was sampled by guillotine sacrifice 6 days later for
thyroid hormones and TSH (RIA) as above, binding assessment
(immobilized antibody T,;U test; tracer dialyzable fractions (DF)),
and free indices (FT,I or FT3I as T, X or T3 X T3U) and
concentrations (FT, = T, X DFT,; FT; = T5 X DFT;).

RESULTS

Results are given as comparisons or relationships at P < 0.05
or better. For Phase I, T4, FT4I, T3, and FT3I were low in B (vs.
S) at ail four time points. FT,; (6, 24 h) and FT; (24 h) were low
in B (vs. S). TSH was elevated in B (vs. S) (24, 48 h) (Fig 1).
T,U (6, 24 h), DFT, (all time points), and DFT; (24, 48 h; day 7)
were elevated in B (vs. S) (Fig 2). Only in the 48-h and day 7
data was FT,I lower in B than in S at any given level of FT,
(analyses of covariance; similar for FT3I, FT3) (Fig 3). Figure 4
shows weight change (initially reflecting the 30 ml resuscitation
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fluid, NaCl IP) and food consumption. The latter was estimated by
weighing the food container (hung on the inside cage wall) daily.
All total and free measures of T, and T; were depressed in B (vs.
S) for a given level of food consumptlon (FC) in the lower FC range
(Fig 5). 1In each panel of Figure 5, the slopes were different (S
vs. B) except for FT,I, where the position is different (P < 0.05
or better). Furthermore, in the food consumption range marked by
the vertical lines (between which the number of S and B samples are
the same), t tests indicate lower hormone values in B (P < 0.05 or
better). Food consumption was that recorded in the time period
(usually 24 h) just before hormone samples were taken. Samples
from the various time points (excluding 6 h) are considered
together.

For Phase II, mean T4, FT4I, and FT,; were depressed in B (vs.
S) and T (vs. C), normal or elevated in BP, and elevated in SP (vs.
S) and TP (vs. C) (Fig 6). T3 variables were depressed in B (vs.
S except for normal FT3; in B), BP (vs. SP), and T (vs. C), but
normal in SP and TP (Fig 6). T3U DFT,, and DFT; were elevated in
burn groups, in which for any given level of FT4, FT,I was lower
than in other groups (analy31s of covariance; similar results for
FT4 and FT3I) (Fig 7). As in human burns and nonthyroidal illness
(NTI), in the rat burn model the serum thyronine binding defect was
less strongly indicated by the T3U than by the DF (Fig 7). The
same finding in rat and human burns was previously obtained by use
of T3;U tests with other matrices (charcoal, talc) (2, Phase I,
unpublished data).

TSH was depressed in SP (vs. S), BP (vs. B), and TP (vs. C) and
elevated in T (vs. C) (Fig 6). Values of T,, FT;I, and FT, in B and
BP were within a range surrounded by respective values in the other
groups. Analyses of covariance (Fig 8) revealed that log TSH was
lower (all P < 0.01) in B and BP (than in nonburn groups, whether
or not T, (the only nonburn group with low T;) was included) for
any given level of T,, FT4I, or FT,. With or W1thout burn, raising
serum T, variables with subcutaneous pumps produced significant
negative rectilinear slopes with log TSH.

DISCUSSION

The elevated TSH 24 and 48 h after burn for Phase I (17% TBSA
burn) indicates that the fall in T, and T; (present by 6 h) is not
initially TSH-dependent. Whether accelerated iodothyronine
disposal may thus account for this fall, or whether extravasation
into the extracellular compartment in the area of the burn, with
dilution of the plasma compartment is responsible for the fall in
Ty and T; is not yet known. Furthermore, the elevated TSH at 24
and 48 h suggests that, at least at first, the pituitary responds
in a qualitatively normal fashion to the low iodothyronines.
Elevated TSH was resolved before 6 or 7 days postburn, possibly
related to amelioration of low T, and T3 variables, particularly FT,
and FT,, after this relatively small burn. However, with a larger

260
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FIGURE 1. Mean + SE of Phase I serum T, and T, variables and TSH
in rats with a TBSA burn of 17% according to postburn
day (PBD). *P < 0.05, **P < 0.01, *#**p < 0.001 (burn
vs. sham). Figures 2-5 also represent Phase I.
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FIGURE 2. Mean + SE for three assessments (competitive T,U onto
talc, and DF) of serum iodothyronine binding on several
postburn days (PBD). *P < 0.05, **p < (.01, ***p <
0.001 (burn vs. sham).
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Analyses of covariance of FT,I with FT, (and FT,I with
FT,) between burn (closed circles) and sham (open
circles) rats, separately for pooled 6- and 24-h data
(top panels) and pooled postburn day (PBD) 2 and 7 data
(bottom panels). Burn and sham slopes were not
different, and positional differences are indicated.
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WEIGHT CHANGE ()

FOOD CONSUMPTION (g/day)

FIGURE 4.

P8D

Mean + SE of weight change (difference from weight
obtained prior to burning and administration of
resuscitation fluid) and food consumption over 1-day
periods for postburn day (PBD) < 4 and over a 3-day
period for PBD 4-7. *P < 0.05, **p < 0.01, ***p < (0.001
(burn vs. sham).
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FIGURE 5.
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Analyses of covariance for iodothyronine variables with
food consumption between burn (closed circles) and sham
(open circles) groups. Except for FT,I, slopes differed
between groups (P < 0.05 or better). 1In all cases, the
positional difference was significant. Vertical lines
represent the interval of food consumption (with equal
representation for both groups, and samples only to one
side of the point of crossing of burn and sham best-
fit 1lines) over which t test comparison showed a
difference between burn and sham (P < 0.05 or better).
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FIGURE 6.
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Mean + SE of Phase II serum T, and T, variables and TSH
on postburn or postoperative day 6 in sham (S), 25% TBSA
burn (B), control (C), and thyroidectomized (T) rats.
In each case, the left of the paired bars (vehicle) is
cited in the text as S, B, or T; the right bar in each
pair (T, by pump) is cited in the text as SP, BP, or TP,
respectively. Small case letters near tops of bars
indicate significant differences as noted in the legend
of Figure 7. Figures 7 and 8 also represent Phase II.
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Mean + SE for three assessments (competitive T,U onto
immobilized antibody and DF) of serum iodothyronine
binding (bar panels, as described in the legend of
Figure 6) and analyses of covariance of FT,I with FT,
(and FT,I with FT,) Dbetween burn and other groups
(Cartesian plots). P values for this and Figure 6 are
a <0.05 b<0.01, ¢ <0.001 (T,~treated vs. respective
vehicle-treated group) and d < 0.05, e < 0.01, and f <
0.001 (burn vs. respective sham or thyroidectomized vs.
control). In the Cartesian plots, small arrows point
to groups given T,. THYREX indicates thyroidectomized
and CON, unoperated controls. In both panels, though
the slopes differed when all data were included, when
only control and T,~untreated burn and sham groups were
included, slopes did not differ but positional
differences were significant (P < 0.001).
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CON, unoperated controls. Slopes were not significantly
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are indicated.
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burn (60%) in which depression of FT, and FT; persists beyond this
period (2), TSH nevertheless fell, after the initial elevation,
even to low levels (1). With the larger burn (1), TSH was elevated
only at 24 (not 48) h. Thus, an initial phase of relatively normal
TSH response to low T, and/or T3 can occur in that these low
iodothyronine levels are not able to produce excessive negative
feedback at this time sufficient to block the rise of TSH.

Following the first 1 or 2 days, however, there occurs relative
suppression of TSH to normal levels even in the presence of low
iodothyronines (1,2), suggesting later resetting of the
pituitary—-thyroid axis for enhanced negative feedback. Thus, in
Phase II with a somewhat larger burn (25%), even FT, was depressed
on postburn day 6 and TSH was not elevated. Furthermore, at this
time administration of exogenous T, disclosed serum TSH relatively
more depressed in burns than normal by a given level of available
circulating T,. That negative feedback from T; was not involved in
this difference is indicated by the lowering of T3 variables with
raising of T, in burns by T, administration. This suggests that T,
may be more important than T; in the enhanced negative feedback
after burn injury. Though the results fit the rubric of enhanced
negative feedback post the first couple of days after burn, this
may reflect a number of possible mechanisms, including reduced
secretion of TSH—-releasing hormone (TRH) from the hypothalamus and
enhanced production of substances which inhibit TSH secretion at
the level of the pituitary, such as dopamine and corticosteroid
which are elevated after burn (1).

The results for Phase I suggest that serum T, and T; are
depressed beyond what might be explained by reduced food intake,
also known to produce such a response (2). However, this must be
tested after larger burn injury in which greater depression of T,
occurs beyond the first 1 or 2 days and the phase of relative
depression of TSH is more secure.

The T, and T; binding defect in serum (elevated DFT, and DFT,)
observed herein confirms that found previously beyond the first

week after large burns (2). The previous findings of relatively
depressed FT,;I in burns for a given level of FT,; (2) were also
confirmed in these studies. This is thought to result not only

from inhibition of iodothyronine binding to serum proteins
(affecting dialyzable fractions as well as the T;U) but also to the
competing matrix in the T3U test (2). The absence of this altered
FT,I-FT, relationship at 24 h after burn in Phase I, however,
suggests that after burn iodothyronine binding is inhibited first
only to serum proteins then later also to the T3U test matrix.
Then, the results are consistent with a circulating inhibitor of
thyronine binding to both circulating proteins and the T3U matrix,
suggesting a change of character of the inhibitor with time after
injury.
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The presence of nonelevated TSH despite low T, and T3 and the
occurrence of the serum thyronine binding defect with the altered
FT,I-FT, relationship are characteristic of human burn injury and
critical NTI (2). Thus, the burned rat is a useful model of human
injury and NTI.
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Transfusions are reported to increase the incidence of tumor
metastasis in clinical studies and primary tumor growth in animal
studies. We evaluated the effect of transfusions on immunologic
response to primary and metastatic tumors in multiple rat models.
One-half of the animals were administered lactated Ringer’s
solution and one-half ACI rat blood at the time of tumor challenge.

In 80 animals, a slow—-growing colon tumor was implanted
subcutaneously. At 4 months, there were nc significant differences
in tumor size or leukocyte infiltration of the tumor. Similar

results were obtained with a rapidly growing colon cancer.
Analysis of T-lymphocyte subpopulations in both groups showed no
differences. Rats transfused at the time of intravenous challenge
with a suspension of 1 X 10® tumor cells had a mean survival time
of 38.3 + 0.8 days and the control group had a mean survival time
of 41.1 + 0.8 days (P = 0.016). One week after transfusion, NK
cell 1lysis of tumor cells at a 100:1 effector/target cell ratio was
18.0% = 1.8% for the transfusion group and 23.0% * 1.3% for the
control group (P = 0.034). 1In conclusion, transfusion in multiple
rat cancer models did not affect primary tumor growth or the host’s
immunologic response to it but did significantly impair NK cell
function and survival with tumor metastases.
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INVESTIGATION OF THE IMMUNOLOGIC SEQUELAE
OF BLOOD TRANSFUSIONS IN RATS

Before the 1970s, it was generally believed that administration
of blood products to patients would result in immunostimulation in
the recipient (1). This belief was based on the demonstration by
Medawar (2,3) that the administration of blood products resulted in
a specific donor immunization in a rabbit skin allograft model.
This led transplant surgeons to avoid administering blood
transfusions to patients awaiting solid organ transplantation in
the belief that such transfusions would increase the immune
responsiveness of the recipient and lead to an eventual rejection
of the allograft (4). This policy was reversed in the early 1970s
when a number of publications reported that transfusions
administered before transplantation decreased the rate of allograft
rejection (5-8).

With the acceptance of the concept that blood transfusions
cause immunosuppression in transplant recipients, surgeons in the
1980s have addressed the question of whether this
transfusion—-induced immunosuppression is also present in patients
not undergoing transplantation. There has been a large number of
reports that indicate that perioperative blood transfusions
increase the rate of tumor growth and metastasis in patients
undergoing oncologic surgery (9). These reports involved
retrospective patient analyses. Therefore, the possibility exists
that the patients with more advanced tumors received a greater
proportion of the blood transfusions. If true, this would indicate
that the detrimental effect observed with blood transfusion was not
the result of the transfusion itself but rather the more advanced
nature of the patient’s tumor.

To evaluate this possibility in a controlled prospective study,
several investigators have investigated the effect of blood
transfusions on primary tumor growth and a diminished long-term

survival in animals receiving allogeneic transfusions (9). In
clinical practice, control of the primary tumor can usually be
achieved through surgical intervention. It 1is rather the

metastasis of the tumor that results in the eventual death of the
patient. We have evaluated the effect of blood transfusion on host
response to both primary tumor growth and metastatic tumor growth.

MATERIALS AND METHODS

Animals. Two hundred and fifty adult male Wistar—-Furth rats
weighing *250 g were used as tumor recipients. Twenty adult male

ACI rats were used as blood donors. All animals were housed in
individual cages and were allowed food and water ad libitum
throughout the study. Animals were observed for 1 week before

entry into the study to exclude the possibility of any preexisting
diseases.
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Transfusion Protocol. Blood was obtained from the donor
animals by vena cava puncture and mixed at 4:1 vol ratio with
CPDA-1 anticoagulant. Animals in the control group were given 3 ml
lactated Ringer’s solution and those in the transfusion group were
given 1 ml ACI blood intravenously at the time of primary tumor
implantation. The increased volume of lactated Ringer’s solution
was chosen because it was believed that it approximated the
intravascular volume changes achieved in the animals receiving the
1 ml whole blood.

Tumor Protocol. Three tumor models were used to evaluate the
transfusion effect. In the first model, 80 animals (saline = 40,
transfusion = 40) were anesthetized with sodium pentobarbital (35
mg/kg IP) and a 1l-cm incision was made in the thigh of the left
lower extremity. A 2-mm?3 aliquot of a
1,2-dimethylhydrazine—induced, poorly differentiated syngeneic
colon adenocarcinoma (supplied by Drs. Ravikumar and Steele, New
England Deaconess Hospital, Boston, MA) was implanted into the
thigh. The incision was closed with surgical clips and the tumor
was allowed to grow for a period of 4 months. The animals were
then sacrificed with a lethal dose of sodium pentobarbital (600
mg/kg IP) and the tumor was excised and weighed. A biopsy specimen
of the tumor obtained at its periphery was fixed in formalin and
stained with an H&E stain for later assay of leukocyte
infiltration.

The second tumor model had the same size aliquot of a more
rapidly growing 1,2-dimethylhydrazine—induced, poorly
differentiated syngeneic colon carcinoma (also supplied by Drs.
Ravikumar and Steele) implanted in the subcutaneous tissue
overlying the thoracic vertebrae.

In 20 of these animals (saline = 10, transfusion = 10), the
abdomens were painted with 1 ml 0.5% DNFB solution in a 4:1 vol
ratio of acetone/olive 0il. The tumors were allowed to grow for 1
week. On the day before sacrifice, the ear thickness of each
animal was determined using an engineer’s caliper. The ear was
then painted with 0.1 ml of the same 0.5% DNFB solution.
Twenty—four h later, the animals were anesthetized with sodium
pentobarbital (35 mg/kg IP). The tumors were excised and weighed
and periphery specimens of the tumors were fixed in formalin and
stained with H&E for later analysis of leukocyte infiltration. Ear
thickness was again measured and the percent ear swelling in
comparison with measurements on the preceding day was determined.
Ear swelling measured by this technique has previously been shown
to correlate with cell-mediated immunity (10). The ears were
amputated, fixed in formalin, stained with H&E, and histologically
assayed for leukocyte infiltration in response to DFNB. Finally,
the spleens were removed and lymphocytes were harvested by

Ficoll-Hypaque centrifugation. The lymphocyte preparations so
obtained were stained with anti-lymphocyte monoclonal antibody
preparations, washed, and reacted with affinity-purified,
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fluorescent—-labeled, goat anti-mouse IgG as a second-step reagent.
Fluorescent-labeled cells were analyzed by flow cytometry. For
each sample, 5,000 cells were assayed and the numbers of cells
labeled by the monoclonal antibodies specific for pan-T lymphocytes
(0xX-19), helper/inducer lymphocytes (W3/25), and
suppressor/cytotoxic lymphocytes (0X-8) cell surface markers were
determined. For each sample, a negative control with a monoclonal
antibody of the same isotype (IgG;) to human T cell (anti-Leu-2)
was run to determine cutoffs. The positive cutoff was set at a
point determining the upper 2% or less of background control and
the number of background control cells were subtracted from each
count. Nonlymphoid cell contamination was assayed by analysis of
forward and 90°¢ 1light scatter. Cells with 1light-scattering
intensities outside limits established for normal lymphocytes were
removed from analysis. The percentage of lymphocytes bearing IL 2
and transferrin receptors was also determined.

An additional 40 Wistar-Furth rats (saline = 20,
transfusion = 20) with the same tumor were followed until death to
determine mean survival times. Weekly tumor size determinations
were made in these animals according to the technique of Chance et
al (11).

For the final tumor model, a tumor-cell suspension was prepared
from the rapidly growing 1, 2-dimethylhydrazine—induced solid tumor.
Briefly, viable tumor was obtained by excision of the rapidly
growing tumor from a Wistar—-Furth rat. The tumor was mechanicallg
disaggregated by first slicing the tumor into approximately 1l-mm
pieces and then vigorously shaking the suspension in complete
RPMI-1640 medium with penicillin, streptomycin, and 10% fetal calf
serum. The cells were washed 3X in the same medium. A sample of
this suspension was stained with trypan blue and the number of
viable tumor cells was determined. The cells were then resuspended
in sufficient RPMI medium to achieve a final concentration of
1 X 10° cells/ml. A 1-ml aliquot of this suspension was injected
intravenously into 80 Wistar—-Furth rats immediately after the
administration of either lactated Ringer’s solution (n=40) or blood
(n=40) . The animals were followed until death and mean survival
times were determined. Necropsy was performed in all animals and
biopsy specimens of the pulmonary metastases were fixed in formalin
and stained with H&E for later analysis of leukocyte infiltration.

Leukocyte Infiltration. Leukocyte infiltrates were quantified
by enumeration of WBCs in the tumor periphery or the dermis of the
DNFB-treated ear. Fifteen high-power fields (hpf) were counted in
each specimen with an image—analysis system (Optomax 40-10,
Optomax, Inc., Hollis, NH) as described previously (12). An
average was obtained for these 15 hpf.

NK Cell Function. The effect of blood transfusions on NK cell
function was assayed at two points in relation to the time of blood
administration. Forty animals (contrcl - 20, transfusion = 20)
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were sacrificed by decapitation 1 week after the administration of
blood or lactated Ringer’s solution, and 20 animals (control = 10,
transfusion = 10) were sacrificed 2 weeks after the administration
of blood or lactated Ringer’s solution. After decapitation, the
spleens were rapidly removed and homogenized in RPMI-1640 medium
supplemented with 10% fetal <calf serum, penicillin, and
streptomycin. The number of wviable nucleated cells in each
homogenate was determined in dilutions appropriate to the desired
concentration of monenuclear cells. Dilutions were done to achieve
effector/target cell ratios of 100:1, 50:1, 25:1, and 12.5:1. Then
1 X 10% YAC target cells that had previously been labeled with °
were added to each well, with a final volume of 0.2 ml/well in
V-bottom microfilter plates. After centrifugation at 40 g for 2
min, the plates were incubated at 37°C in 5% CO, for 4 h. The
plates were then centrifuged at 500 g for 5 m1n and a 100—-ul

aliquot of the supernatant was collected and assayed for >lcr on a
Y-counter. The percentage of cell lysis was calculated as the mean
counts/min (cpm) related in the presence of effector cells minus
the mean cpm spontaneously released by target cells incubated with
medium alone divided by the cpm released after treating target
cells with Triton X-100 (1:100 dilution) minus the c¢pm
spontaneously released with medium alone; the quotient was
multiplied by 100.

All data are expressed as mean * SE. Comparisons among groups
were made with the Savage (Mantel-Cox) test for survival time and
ANOVA for all other data. Significance was assumed at P < 0.05.

RESULTS

Blood transfusion was found to have no effect on the size of
the primary tumor in the slow—growing colon carcinoma model. The
mean tumor weight for saline-treated animals was 26.0 + 1.1 g and
for transfused animals, 28.1 + 1.4 g (P = 0.098). Assays of
leukocyte infiltration into the tumors failed to demonstrate any
effect of blood transfusion. With the slow—-growing tumor, there
were 171.0 + 12.6 cells/hpf in the control group and 181.6 + 16.6
cells/hpf in the animals that had undergone transfusion (P = 0.6).

The tumor weights over time in the rapidly growing tumor model
are shown in <able 1. None of these differences were statistically
significant. The average tumor weights at the time of death for
the two groups were 69.4 * 4.1 g for the control group and
62.2 + 2.1 g for the transfusion group (P = 0.135). The lower
tumor weight recorded at the time of death compared with that
measured 22 days after tumor implantation is the result of two
factors. First, a significant percentage of the animals had died
of the tumor before this time, and thus, there was a difference in
the populations. Second, the tumor weight at 8, 15, and 22 days
after transplantation was a calculated value whereas the wvalue at
the time of death was a direct measurement.
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TABLE 1. Tumor Weights at 8, 15, and 22 Days after Tumor

Implantation
Post—Tumor Tumor Weights (qg)
Implantation Day Control Group Transfusion Group P Value
8 18.1 + 0.9 21.2 + 2.1 0.130
15 65.1 + 1.9 64.4 + 3.5 0.865
22 73.4 + 2.1 73.2 + 2.0 0.946

Blood transfusions also did not affect ear swelling in this
model. The control group had a mean of 33.6% +* 5.8% ear swelling
and the animals that had undergone transfusion had a mean of
42.2% + 7.1% ear swelling (P = 0.358). There were 98.3 * 6.3
cells/hpf in the rapidly growing tumor from the control group and
87.1 + 6.1 cells/hpf in the tumor from animals that had undergone
transfusion (P = 0.21). Analysis of leukocyte infiltration in the
DNFB-treated ears revealed 97.5 + 6.9 cells/hpf for the control
group and 113.3 + 5.6 cells/hpf for the animals that had undergone
transfusion (P = 0.087). The mean survival times in the rapidly
growing, subcutaneously implanted tumor model were 23.€ + 0.5 days
for the control group and 22.0 *+ 0.7 days for the group that had
undergone transfusion (P = 0.127).

Survival curves of the tumor metastasis model are shown in

Figure 1. The mean survival time for the control group was
41.1 + 0.8 days and for the transfusion group, 38.3 + 0.8 days.
This difference was statistically significant (P = 0.016). Two

animals in the transfusion group were noted to have tumor
metastases to supraclavicular lymph nodes at the time of death. 1In
the control group, tumor metastases were confined to the lungs.
Analysis of leukocyte infiltration of the metastatic pulmonary
tumor nodules revealed an average of 281.2 + 13.0 cells/hpf for the
control group. The transfusion group was found to have an average
of 269.0 + 8.2 cells/hpf (P = 0.42 vs. control group).

Blood transfusions depressed NK cell function as measured at
the 100 effector/target cell ratio both 1 and 2 weeks after
transfusion (Table 2). One week after transfusion, the percent
cell lysis at a 100:1 ratio with cells obtained from the control
group was 23.0% * 1.3% and for the group that underwent
transfusion, 18.0% + 1.8% (P = 0.034). Two weeks after
transfusion, the cell lysis for the control group was 25.9% + 1.7%
and for the transfused group, 17.9% + 2.7% (P = 0.025).

The percentages of pan-T lymphocytes (0X-19), helper/inducer T
lymphocytes (W3/25), and suppressor/cytotoxic T lymphocytes (0OX-8)
among splenocytes obtained from control and transfused animals are
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FIGURE 1. Survival curves for rats administered blood transfusions
or lactated Ringer’s solution at the time of challenge
with 1 X 10°% tumor cells administered intravenously.

shown in Table 3. The percentage of lymphocytes bearing IL 2 and
transferrin receptors are also shown in Table 3. Transfusions did
not significantly alter these percentages.

DISCUSSION

Surgical intervention is often able to control the primary site
of common solid malignant neoplasms. It is commonly the distant
metastasis that eventually leads to a fatal outcome. Such
metastases can take place by three primary methods, i.e, migration
through coelomic cavities, spread through lymphatic vessels, and
sprcad through blood vessels. Tumor spread by these methods does
not always result in metastasis. For such tumor spread to
eventually become a successful metastasis, the tumor cell, or group
of tumor cells, must implant in a distant site and then escape
control by the body’s immune system.
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TABLE 2. NK Cell Cytotoxicity as Measured by Percentage YAC Cell

Lysis
Effector/Target
Ratio Control Group Transfusion Group P Value
1 Week Posttransfusion
100:1 23.0 £ 1.3 18.0 + 1.8 0.034
50:1 15.2 + 0.9 12.4 + 1.8 0.176
25:1 10.1 + 1.3 8.8 + 1.6 0.552
12.5:1 5.5 £ 0.8 4.6 + 1.0 0.487
2 Weeks Posttransfusion
100:1 25.9 + 1.7 17.9 £ 2.7 0.025
50:1 20.9 + 2.3 15.1 + 3.4 0.175
25:1 11.9 £ 2.5 6.6 * 3.C 0.184
12.5:1 4.1 + 1.2 2.1+ 1.2 0.255

The tumor host generates a complex immunologic response to both
the primary and metastatic tumor cells. Among the more important
components of this response are cytotoxic macrophages,
helper/inducer T 1lymphocytes, cytotoxic T lymphocytes, and NK

cells. The NK cell appears to be particularly important in
controlling tumor cells that are disseminated from the primary
tumor source (13,14). The NK cell is able to attack tumor cells

without any major histocompatibility complex restrictions and is
also able to initiate tumor lysis on initial exposure to the tumor
cells. In contrast, cytoctoxic T lymphocytes require a period of
7-10 days after exposure to tumor cells before the onset of tumor
cell lysis.

This study attempts to delineate the effect of blood
transfusions on host response to tumor, with specific emphasis on
the immunologic response to metastases. We were unable to
demonstrate any effect of blood transfusions on primary tumor
growth with two different colon cancer models. This finding
differs from our earlier report (15). However, there have been
other reports of studies demonstrating no effect of blood
trarsfusions on primary tumor growth (9). These contradictory
findings indicate the complex nature of the host response to blood
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transfusions, the host response to tumor, and the variety of animal
tumors with regard to antigenicity and growth characteristics.

Our study failed to demonstrate any effect of Dblood
transfusions on T-lymphocyte- and macrophage-mediated immunologic
parameters, including tumor infiltration by WBCs. Such WBCs are
usually predominantly T lymphocytes (16). Because immunologic
control of primary tumor growth is principally dependent on
macrophage and T-lymphocyte activity, our failure to demonstrate
any effect of transfusion on primary tumor growth and T-lymphocyte
or macrophage functions is entirely consistent.

Our study did demonstrate a significant effect of blood
transfusions on NK cell function, both 1 and 2 weeks after
transfusion. It has previously been reported that Lklood
transfusions impair NK cell function in humans (17), but this study
was flawed in that the transfusions were administered to patients
with blood dyscrasias to correct anemia. The possibility therefore
exists that the sicker patients received a greater proportion of
the transfusions and the diminished NK cell function observed in
the patients that had undergone transfusion was caused by more
severe preexisting disease. This study indicates that this was
probably not the sole reason for the diminished NK cell function in
the patients that had undergone transfusion.

The finding of diminished survival time with tumor metastases
in transfused rats is consistent with NK cell findings. Because NK
cells are of primary importance in controlling metastases,
impairment of NK cell function should enhance tumor metastasis and
growth. These findings thus support the retrospective clinical
studies in patients with tumors that report increased rates of
tumor metastases in patients receiving perioperative Dblood
transfusions.

The mechanism by which blood transfusion impairs WK cell

function has not yet been determined. One possibility is the
previous demonstration that blood transfusions decrease 1IL 2
production (18). IL 2 has been shown to be necessary for optimal
NK cell activity (19). If this is found to be the case,

concomitant administration of IL 2 with blood transfusions might
block or correct the immunosuppressive transfusion effect. Other
immunologic interventions that might be used at the time of
transfusion to prevent posttransfusion immunosuppression include
the use of the H, blocker, ranitidine (20), or cyclooxygenase
inhibitors (21).
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None.
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ABSTRACT
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Previous studies have shown that rats maintained on a
zinc-restricted diet for 10 days postburn had a less plaque-forming
cell (PFC) response to a single injection of sheep RBCs (SRBC) than
burned rats maintained on an adequate zinc regimen. The present
report shows that burn injury caused a decrease in PFCs to a
booster injection of SRBC and that this response was further
depressed when the rats were maintained on a =zinc-restricted
regimen. The data are consistent with the hypothesis that burn
injury places an increased burden on zinc body stores as assessed
by immunocompetence.
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PRELIMINARY STUDIES ON ZINC HOMEOSTATIC CONTROL AND
IMMUNOCOMPETENCE IN A BURNED ANIMAL MODEL

Past studies at this Institute have used a functional test of
the humoral response, the Jerne plaque assay, to define
interactions between zinc nutriture, burn injury, and immunological
response. Our initial studies investigated the effect of a 30%
total body surface area burn injury on the primary humoral response
to sheep RBCs (SRBC) in the rat. The kinetics of the response
revealed that both burned and sham—burned rats had a peak response
on day 4 following SRBC injection (postburn day 10) and that the
response of the burned animals was significantly higher than that
of sham-burned animals (P < 0.05). The effect of zinc nutriture
was determined by feeding a zinc—free diet (< 0.5 ppm) to all the
rats and injecting either zinc (1 mg/kg/day SC) or saline for 10
days following burn injury. The results showed that =zinc
restriction caused a lower plaque—forming cell (PFC) response in
burned animals, but that this response was still higher than for
sham—burned, =zinc-sufficient animals. Zinc restriction of
sham-burned animals had no significant effect on the humoral
response.

This report describes methods and results of studies concerning
the effect of burn injury and zinc nutriture on the secondary
response using the rat model. In addition to the studies concerned
with the humoral response, we have worked on methods and techniques
to study the effect of zinc nutriture and burn injury on monocyte
function.

MATERIALS AND METHODS

Male Sprague-Dawley rats weighing 300-350 g were housed and fed
as described previously (l1). All animals used for these studies
were given a primary immunization by injecting intravenously a 20%
suspension of SRBC. One month after the primary injection, the
animals were anesthetized and administered a 30% total body surface
area (TBSA) scald burn. Seven days postburn, the animals were
given a second intravenous injection of SRBC.

Thirty—-six animals were used to determine the kinetics of the
secondary response. Twelve received a 30% TBSA scald burn injury
and 12 received a 30% TBSA sham burn. All animals were maintained
on a 1 mg Zn/kg/day regimen. Animals were serially sacrificed on
1, 2, 3, and 4 days postimmunization (8, 9, 10, and 11 days
postburn) .

Twenty—four animals were used to determine the effect of zinc
restriction on the secondary response. After administering the
burn, the animals were randomly assigned to one of the following
treatment groups:
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Cis

No Burn, Zinc Supplementation (1 mg Zn/kg/day)

CZD = No Burn, No Zinc Supplementation
BZS = 30% TBSA Burn, Zinc Supplementation (1 mg Zn/kg/day)
BZD = 30% TBSA Burn, No Zinc Supplementation

Seven days postburn, the animals were given a booster injection of
SRBC. Three days after the injection, the animals were sacrificed.
The spleens were excised and lymphocytes isolated by Ficoll-Paque
centrifugation. Details concerning the Jerne plaque assay have
been described previously (1). IgM class—secreting cells were
determined by incubating agar plates containing SRBC and
lymphocytes with guinea pig complement. Total PFCs were determined
by incubating a duplicated set of plates with goat anti-rat
antibody (Accurate Chemical and Scientific Corp, Westbury, NY) for
1 h prior to the complement step. IgG—secreting cells were
determined by the difference. Plasma obtained at sacrifice was
analyzed for zinc and copper concentration as described previously.

RESULTS

The kinetics of the secondary response are shown in Figure 1A.
The kinetics of the primary response determined in earlier studies
are presented in Figure 1B for comparison. As expected for a
secondary response, the peak response was earlier than the primary
response. Contrasted to the primary response, the peak response
(day 3 postimmunization) of the burn group (62 * 39 SEM) was less
than the sham-burn group (169 * 82 SEM). This difference was
significant (P < 0.05, student’s t test).

Table 1 shows the response of both groups for each class of
Ig—-secreting PFCs. On day 3 postimmunization, 47% of the mean
total Ig-secreting PFCs of the sham-burn group were IgG-secreting
cells. Statistical difference for IgM- and IgG-secreting PFCs
between burn and sham-burn groups was analyzed using a t test.
While the difference in IgM-secreting PFCs between burn (46 * 34
SEM) and sham-burn groups (89 + 50 SEM) was significant
(P = 0.039), the difference in IgG—-secreting PFCs was highly
significant (P < 0.01), 19 + 7 SEM and 80 + 40 SEM for burn and
control groups, respectively.

The results of the studies to determine the effect of zinc
nutriture on the secondary response to SRBC are shown in Table 2
and Figure 2. Two rats had to be dropped from the study due to
reasons not related to the experimental treatments. Burn injury
and zinc deficiency caused a decrease in PFCs and, when both
existed together, the depressicn of the humoral respcnse was
compounded.
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Plasma zinc and copper concentrations are shown in Table 3.
The zinc restriction regimen lowered the plasma zinc concentration
in both sham burned and burned rats. Copper concentration was
elevated in both burn groups compared to sham-burn animals, a
finding consistent in all studies to date. This is presumably due
to elevated levels of ceruloplasmin. No statistical analysis was
attempted due to the low sample size. Two additional repetitions
are planned.

DISCUSSION

Very little information exists in the literature concerning the
use of animal mcdels to study humoral responses during recovery
from burn injury. The most referenced studies are those reported
by Alexander and Moncrief (2-3) which measured antibody titers to
primary and secondary immunization with human RBCs (HRBC) in a
burned rat model similar to our model. The salient results from
their studies are presented in Figures 3 through 9. Alexander and
Moncrief concluded from their data that the degree of inhibition of
the primary humoral response parallels the degree of thermal
injury. Animals receiving the 20% TBSA burn showed only a slight
inhibition of the response compered to the striking inhibition seen
in the 30% TBSA burned animals. However, there was no explanation
for the smaller dose of HRBC given to the animals receiving the 30%
TBSA burn. The authors concluded that the primary response is
somewhat dependent upon the temporal relationship at which the
antigen 1is given following thermal injury. A progressive
inhibition of the response was seen as the interval between burn
injury and antigen administration increased. Contrasting the
primary response to Pseudomonas aeruginosa to the response to HRBC
in the burned rat model, Alexander and Moncrief determined that the
nature of che antigen 's important to humoral response.

The reduced anamnestic response to SRBC shown in this study and
HRBC shown by Alexander and Moncrief (2) in rats administered a 30%
TBSA burn is in contrast to the greater than normal response in
burned humans given a booster injection of tetanus toxoid antigen
(2). In contrast to the Alexander and Moncrief study (2), Wood et
al (4) found persistent depression of the humoral responses to
tetanus toxoid in the population of burned patients they studied.

Although our findings of a depressed anamnestic response to
SRBC in the rat model is in agreement with Alexander and Moncrief
(2), our results concerning the primary response differ
dramatically. When comparing different studies investigating in
vivo immunological responses, there are a number of variables that
need to be considered. The particular lymphoid compartment
assessed, type, dose, and route of antigen, and type of assay used
to assess the response are important variables. Alexander and
Moncrief tested peripheral blood with an agglutination assay while
we tested splenic tissue with a functional test of lymphocyte
activity. Calvano et al (5) reported marked differences in
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FIGURE 3. Average plasma agglutination titers for rats receiving
a 20% TBSA burn and an intraperitoneal injection of 2%
(in 0.5 ml vol) O+ HRBC 6 days prior to burn injury (2).

proliferation of lymphocytes to ConA stimulation when cells from
splenic and draining lymph nodes were compared from rats receiving
a 50% TBSA burn. While the burn injury caused an enhanced response
in lymph node cells, splenic lymph nodes gave a depressed response.

We gave a large dose of SRBC (20% in 0.2 ml) as recommended
(6) . Alexander and Moncrief (2) used a dose of 2% in 5 ml for 20%
TBSA burned rats and switched to a relatively small dose of 0.02%
in the 32% burn model. We chose to use the intravenous route of
injection as opposed to intraperitoneal because the intravenous
route has produced less variability in plaque response. We chose
to use SRBC as the antigen since this has been the standard used in
the mouse model. The mouse response to SRBC shows the typical
hallmarks of a primary and secondary response. The primary
response is characterized by a relatively long period before the
peak response (4 days) and the response is mainly in the form of
IgM—secreting cells. The secondary response is characterized by a
shorter peak response time (2-3 days), a greater magnitude of
response, and a greater proportion of the response is in the form
of IgG. Although the response in our model to a booster injection
of SRBC is characterized by a higher and earlier peak response when
compared to the primary, the response is predominately from the IgM
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FIGURE 4. Average plasma agglutination titers for rats receiving
a 20% TBSA burn and an intraperitoneal injection of 2%
(in 0.5 ml vol) O+ HRBC 1 day postburn (2).

AVERAGE TITER

class of antibody. A possible explanation is that a single jose of
SRBC causes a secondary response in the rat. If this were the
case, then our increased response of the burned animals to a single
injection would be in agreement with the results reported by
Soderberg (7) which demonstrated an elevated secondary response to
SRBC in a burned mouse model.

Additional studies will be necessary to fully characterize the
humoral response in the burned rat model and to explain the
discrepancies between reported studies. The burned rat model has
been used by this Institute and other burn centers conducting basic
research for a number of years. Although the mouse model would be
the obvious model of choice based on immunological considerations,
the rat model is the burn model of choice for a number of metabolic
and physiological reasons.

An additional variable, one that is overlooked in most studies
involving the effect of burn injury on immunocompetence, is the
nutritional status of the subjects. In the last 15 yr, there has
been a plethora of information relating host defense to all the
individual essential nutrients. It is well documented that zinc
nutriture can have profound effects on immunocompetence.
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FIGURE 5. Average plasma agglutination titers for rats receiving
a 32% TBSA burn and an intraperitoneal injection of 0.2%
(in 0.5 ml vol) O+ HRBC 4 days postburn (2).

Zinc nutriture is of particular interest in relation to burn
injury. Our earlier work (1) as well as work by Powanda (8) at
this Institute have shown that dramatic alterations in zinc
metabolism occur after a major burn injury in a rat model.
Clinically, the issue of zinc nutriture is important based on the
reliance on total parenteral nutrition in burn patients. This
modality of nutritional supplementation has been shown to have a
pervasive effect on zinc deficiency if supplementation and status
are not monitored carefully.

The results of the present study as well as our previous
reports support the hypothesis that an interrelationship between
zinc nutriture and burn injury exists. We are careful in our rat
model to insure that all animals have sufficient zinc body stores
prior to administering the burn injury and starting the zinc
restriction regimen. When evaluating studies reporting
immunocompetence in burn patients, it is likely that a burn patient
population used in a particular study are heterogenous with respect
to nutritional status. We feel that our studies involving zinc
nutriture indicate that some of the variably, both within and
between studies, may be due to the nutritional status of the
patients.
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Average plasma agglutination titers for rats receiving
a 30% TBSA burn and an intraperitoneal injection of 0.2%
(in 0.5 ml vol) O+ HRBC 1, 2, and 3 h postburn (2).
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We have been developing techniques to isolate and purify
lymphocytes and monocytes from rat spleen tissue. Assays are being
developed to use the purified cell types to determine which cell
types are affected by the zinc restriction in our burned rat model.
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PRELIMINARY STUDIES ON ZINC HOMEOSTATIC CONTROL AND
IMMUNOCOMPETENCE IN A BURNED ANIMAL MODEL: ZINC NUTRITURE,
BURN INJURY, AND MONOCYTE FUNCTION

Severe burns adversely affected both specific and nonspecific
host defense mechanisms. A large amount of evidence exists
demonstrating that thermal injury causes depressed neutrophil
activity, aberrant changes in both the complement and
coagulation—-fibrinolytic systems, and alterations in specific
immunocompetence. A common link between specific and nonspecific
host defense mechanisms is their regulation and interaction with
monocytes.

Miller et al (1) have performed extensive studies concerning
the effect of burn injury on monocyte function in both severely
burned patients and in a murine model. Using decreased plasminogen
activator (PA) as an indicator of monocyte dysfunction, it was
shown that decreased monocyte PA response was consistently seen in
patients who developed excessive suppressor-T cell activity and who
eventually succumbed to fatal sepsis.

A primary in vitro antibody—-forming cell (AFC) assay was used
to assess the effect of a 20% full-thickness burn in Balb/c mice.
The AFC response was totally abrogated in burn—-injured mice at
approximately 5-7 days postinjury. A temporal relationship between
early loss of PA function by murine monocytes and a later increase
in suppressor—-T cell activity was observed.

Given this relationship between burn injury and monocyte
function and our interest in zinc metabolism, we found the results
of James et al (10) of interest. Splenic T cells and monocytes
(adherent cells) from zinc-deficient and pair-fed control mice were
isolated, purified, and recombined in vitro to evaluate the
contribution of each cell type to effect PHA-stimulated
mitogenesis. The results revealed that the observed depression in
T-cell proliferation in the zinc—-deficient mice was indirect and
due to a primary defect in the monocyte population.

We have been developing techniques to isolate and purify
lymphocytes and monocytes from rat spleen tissue. Assays are being
developed to use the purified cell types to determine which cell
types are affected by the zinc restriction in our burned rat model.

MATERIALS AND METHODS

Male Sprague-Dawley rats weighing approximately 250-300 g were
maintained on the purified diet and given a daily subcutaneous
injection of zinc (1 mg/kg) for at least 2 weeks prior to being
sacrificed. Spleens were excised under aseptic conditions, minced
with stainless steel spatulas in HBSS, centrifuged at 800 g, and
suspended in HBSS.
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After trying a number of cell isolation and purification
techniques, we settled on the scheme presented in Figure 1.
Briefly, suspended splenocytes are pipetted onto a gradient
containing 40%, 55%, and 60% Percoll™ and centrifuged at 500 g for
20 min. A staining procedure (#91, Sigma Diagnostics, St. Louis,
MO) that indicates alpha-naphthyl acetate esterase activity was
used to differentiate monocytes and lymphocytes using a light
microscope. This enzyme is primarily in monocytes, macrophages,
and histiocytes and is virtually absent in lymphocytes. Based on
this staining technique, we determined that the cell layer at the
40/55% interface (Ma) contained more monocytes than unfractionated
spleen cells while the 55/60% interface contained mostly
lymphocytes (Ta). Viability of each fraction was determined to be
> 89% based on trypan-blue exclusion.

An aliquot containing 2 X 10’ viable cells from the Ma fraction
was incubated with mouse anti-rat T cell monoclonal antibody
(0OX-19, 1:100 dilution) for 1 h at 37°C in 5% CO,  After washing
off the unbound monoclonal antibodies, the cell fraction was
incubated with goat anti-mouse ferric—containing monoclonal
antibody for 20 min at room temperature. The suspension was
exposed to a magnetic field for 15 min. The enriched monocytes
(Mb) suspension was pipetted from the tube and placed in HBSS and
washed 2X by centrifugation. The cells from the 55/60% interface
were eluted through a T-~cell recovery column (Biotex Laboratories,
Inc., Edmonton, Alberta, Canada) to obtain an enriched T-cell
fraction (Tb).

In each study, an aliquot of splenocytes was placed on a
40%/60% Percollm™ gradient. The cells (unfractionated) at the
40/60% interface (MT) were pipetted and washed in HBSS. Slides
were prepared from each enriched fraction and stained with the

alpha—-naphthyl acetate stain procedure. Aliquots from each
fraction were labeled with florescent conjugated anti-T cell
monoclonal antibodies (0X-19, W3/13). The percent positive cells

were determined by flow cytometry.

Aliquots of the MT, Ma, Mb, Ta, and Tb fractions were pipetted
into 96-well microtiter plates in all possible comblnatlons T
cells and monocytes were plated at 2.5 X 10° and 2.5 X 10°
cells/well, respectively. Each combination was run in 6 wells,
3 unstimulated with mitogen and 3 stimulated with 2 ug/ml ConA.
Plates were incubated at 37°C in 5% CO, Plates were pulsed with
1 uCi of H—thymldlne after 48 h. Cells were harvested at 65 h.
Radioactivity was determined by scintillation counting.

One study has been completed using the techniques above to
assess the effect of burn injury on lymphocyte and monocyte
function. Four Sprague-Dawley rats were maintained for a least 2
weeks on the =zinc-adequate regimen. Two of the animals were
administered a 30% total body surface (TBSA) burn and 2 were
administered a 30% TBSA sham burn. All animals were continued on
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FIGURE 1. Spleen cell separation technique. MT indicates
unfractionated mononuclear cells at the 40/60%
interface; Ta, crude preparation of T cells at the
55/60% interface; Ma, crude preparation of Mo cells at
the 40/55% interface; Tb, enriched T cells after eluting
Ta fraction through a rat T-cell recovery column; Mb,
enriched Mo cells after incubation of Ma fraction with
anti-T-cell monoclonal and followed by incubation with
anti-mouse ferric containing monoclonal and subsequent
removal of contaminating T cells by exposure to a
magnetic field.
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the zinc-adequate regimen. Five days postburn, the animals were
sacrificed and the spleen lymphocytes were processed as described
above. Cells were pooled within treatments after the Percollm™
separation step. The enriched monocytes (Mb) and lymphocytes (Tb)
from each treatment were plated in 96-well microtiter plates in all
possible combinations. Cells were pulsed and harvested as
described above.

RESULTS

The results of the proliferation assay for three separate
repetitions of the separation technique are shown in Table 1 and
graphically in Figure 2. The proliferative response of the Tb
fraction was about half that of the unfractionated (MT) cells. The
addition of the purified monocytes increased the proliferative
response in the range of the MT cells. This cannot be attributed
to just an increase in cell quantity because the Mb fraction
allowance gave proliferative responses barely above background.

Results of the flow cytometry analysis of cells from the first
repetition are shown in Figure 3. The percent positive for both
T-cell marking monoclonals decreased in the monocyte enrichment
fraction and increased in the T-cell enrichment fraction.

The effect of burn injury on proliferation is shown in Figure
4. Proliferation of both burn and control 1lymphocytes was
depressed when co—-cultured with monocytes from burned animals.
However, the addition of control monocytes to burn lymphocytes
supported proliferation almost equal to the control
lymphocyte/monocyte combination.

DISCUSSION

This work is still in the preliminary stages. One persistent
problem has been the large between—-repetition variability. We feel
that part of the problem has to do with the fact that the
Sprague—Dawley rats are an outbred strain. We have started using
in-bred, Lewis strain rats.

An additional problem has been the alpha-naphthyl acetate
esterase—staining procedure. The differentiation between a
lymphocyte and a monocyte is not always clear cut and considerable
subjectivity arises. Although the staining procedure has allowed
us to make a gross determination about which fractions from the
Percoll™ separation contain more or less monocytes, we have not
felt comfortable with the staining procedure. We have discussed
the problem with the technical representatives at Sigma Corporation
who have suggested that part of the problem may be that the
procedure was developed for human samples. The suggestion was made
that a procedure that stains for alpha—-naphthyl butyrate esterase
may work better on murine cells. We are in the process of
evaluating this possibility.
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FIGURE 4. Results from a crossover study between ceils separated
from burned and control animals expressed as a percent
of the control monocyte/T cell combination. Data are
presented as percent of CTb/CMb combination.

One principal disadvantage of using a rat model as opposed to
a mouse model is the lack of monoclonal antibodies available.
Although the two T-cell monoclonals that we have been using (0X-19,
W3/13), appear adequate for determining T-cell enrichment, we have
been unable to find a reliable monoclonal for monocytes.

We feel that these problems can be solved and that this
research direction will add valuable information concerning the
interaction between nutritional supplementation, thermal injury,
and host defense mechanisms.
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The use of serum visceral protein concentrations as predictors
of nitrogen balance was assessed during the first 4 weeks following
thermal injury. The correlation between nitrogen balance and serum

albumin was not significant. Statistically significant
correlations were found between nitrogen balance and serum
prealbumin, retinol-binding protein, and transferrin. However,

even the best correlation (retinol-binding protein, r = 0.388) was
too weak to permit prediction of nitrogen balance on the basis of
the visceral protein concentration. The correlation between change
in direction of nitrogen balance and change in direction of protein
concentration over time showed all four visceral proteins to be
poor predictors of change in nitrogen balance. The efficiency was
< 50% for each visceral protein. Stepwise multiple regression
analysis performed to determine which indices were most closely
correlated with nitrogen balance showed that a calculation using
readily available information (nitrogen intake, postburn day,
percent total body surface area burned, and age) provided better
prediction of nitrogen balance (4 = 0.765) than any of the visceral
protein concentrations. In view of these findings, measurement of
serum visceral protein concentrations to monitor adequacy of
nutritional support seems an unwarranted expense in patients with
thermal injury.
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EVALUATION OF SERUM VISCERAL PROTEIN LEVELS AS INDICATORS
OF NITROGEN BALANCE IN THERMALLY INJURED PATIENTS

The importance of providing adequate calories and protein for
healing of serious burn injury is well recognized. An optimal
method to monitor the adequacy of intake, however, remains to be
defined. Measurement of nitrogen balance is an accepted method of
determining the efficacy of a nutritional regimen, but accurate
determination of nitrogen intake and output of nitrogen is
labor—-intensive and impractical for general clinical use.

Several researchers have suggested that measures of serum
visceral protein levels can be used to predict nitrogen balance and
that this method is useful in assessing the efficacy of nutritional
support programs. Starker et al (1) demonstrated an association
between decreased serum albumin levels and negative nitrogen
balance. Comparing changes in measures of serum albumin,
prealbumin, transferrin, and retinol-binding protein with changes
in nitrogen balance, Church and Hill (2) that increases and
decreases in prealbumin levels were correlated with positive and
negative changes in nitrogen balance in general surgical patients.
Tuten et al (3) reported positive correlations between change in
nitrogen balance and change in both prealbumin and transferrin
levels in patients receiving parenteral or enteral nutrition. Both
Fletcher et al (4) and Smale et al (5) reported that changes in
serum transferrin concentrations correlated with changes in
nitrogen balance.

In view of these reports, we felt serial measurements of these
serum visceral proteins might also provide a method of predicting
nitrogen balance in thermally injured patients.

The purpose of this study was to determine whether changes in
serum levels of albumin, prealbumin, transferrin, or
retinol-binding protein are correlated with changes in nitrogen
balance in patients with thermal injury.

MATERIALS AND METHODS

Number of Patients. Nitrogen balance and serum protein levels
were measured in 10 adult patients with thermal injuries involving
at least 20% of the total body surface area, admitted to the US
Army Institute of Surgical Research between November 1987 and March
1988.

Inclusion Criteria. Patients meeting all of the following
criteria were eligible for enrollment in this study:

1. Patients hospitalized for burn injuries comprising
> 20% of the total body surface area.
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2. Male or female patients > 18 yr of age. Female
patients were previously surgically sterilized, were postmenopausal
(> 45 yr of age and the lack of menstrual periods for > 1 yr), or
had a negativzs pregnancy test.

Exclusion Criteria. Patients meeting any of the following
criteria were excluded from participation in this study:

1. Outpatients.
2. Patients with contact electrical or chemical burns.
3. Patients who were pregnant.

Study Design. An assessment of nutritional status was
performed for each patient upon entry into the study. This
assessment included preburn height/weight, history of any recent
weight changes, history of any drug/alcohol abuse, evaluation of
the patient’s preburn nutrition, and history of any medical
diseases. Data collection was initiated on postburn day 5, after
stabilization of fluid status, and then repeated every 3 days until
postburn day 30.

Dietary Regimens. Daily energy requirements were estimated
for studied patients by indirect calorimetry or by using a formula
derived at this Institute based on earlier indirect calorimetry
data. Protein requirements were calculated to provide a
kilocalorie to nitrogen ratio of 150:1. Patients were provided
regimens designed to meet these goals using oral diets, enteral
feedings via nasoenteric tube, total parenteral nutrition, or
combinations of these feedings modes. Daily calorie counts were
calculated to determine the percentage of the requirement met each
day.

Serum Visceral Proteins. Serum samples were analyzed for
albumin, transferrin, prealbumin, and retinol-binding protein.
Serum albumin assays were performed on an SMA autoanalyzer
(Chemistry Autoanalyzer Instrumental Laboratory, Lexington, MA).
Serum transferrin, prealbumin, and retinol-binding protein were
measured using radioimmunodiffusion techniques.

Nitrogen Balance. Nitrogen intakes for each 24-h period
were calculated from records of the parenteral and enteral nitrogen
administered. Oral diet data were obtained by weighing quantities
of foods served to and rejected by patients. Food composition data
were obtained from the United States Department of Agriculture data
or from manufacturers’ information for commercial products.

Twenty—four—hour urine samples were collected and aliquots
were analyzed for total nitrogen using a digital nitrogen detector
(Antek Instruments, Inc., Houston, TX). Nitrogen loss across the
burn wound was estimated using the formula of Waxman et al (6) with
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a correction factor for the effect of silver sulfadiazine. The
percent of remaining open wound was calculated daily. The formula
used was as follows:

g nitrogen = 0.1 X % TBSA X % TBSA Burn X 0.8

where TBSA = total body surface area. An estimate of 2 g/day was
used for fecal loss of nitrogen. Nitrogen balances were calculated
by subtracting nitrogen output (urine + wound + 2) from nitrogen
intake.

Statistical Analysis. Regression analysis was used to evaluate
the relationship between serum visceral protein concentrations and
nitrogen balance.

Changes in nitrogen balance across time were determined for
each subject. Changes in each serum visceral protein concentration
were calculated for each subject at corresponding time points. The
directions and magnitudes of these changes were determined. A
change of at least 10% was considered a significant difference and
was recorded as either a positive or negative change. Chaunges of
< 10% were recorded as no change. A change of nitrogen balance and
a serum visceral protein concentration in the same direction at the
same time point was considered a correct prediction. The number of
correctly predicted positive and negative nitrogen balance changes
were determined for each subject for each serum visceral protein.
An overall efficiency for each serum protein was determined as the
number of correctly predicted nitrogen balance changes divided by
total nitrogen balance changes multiplied by 100.

RESULTS

Ten patients (9 males, 1 female) were enrolled in this study
(Table 1) . The age of these patients ranged from 20-62 yr and burn
size from 20-69.5% of the total body surface area. Eight of the 10
patients had at least one operative procedure performed during the
study period and half of the patients had more than one such
procedure. Nine of the 10 patients were transfused at least 1 unit
of blood during the study period and 7 of these patients received
multiple transfusions.

The study population was purposed varied to assess the
applicability of this method of predicting nitrogen balance in the
usual clinical situation. Detailed information regarding the
patient population is presented in Table 2.

Nitrogen intake and balance for postburn days (PBD) 5, 11, 20,
and 29 are tabulated in Table 3. Nitrogen balance was initially
negative in all but one subject. As a general trend, nitrogen
balance became more positive with time, but individual variation
was seen. For example, patient 9 had a more negative balance on
PBD 20 than on PBD 11 because his nutritional regimen was
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TABLE 2.

Patient Population Characteristics

Age

Burn size

38.

4 + 17.2 yr (range 20-60 yr)

38.8% + 14.7% (range 20-69.5%)

Assessment of medical conditions:

Healthy prior to injury - Patients 2, 4, 5, 7, 8, 9, 10
Complicating conditions - Patients 1, 3, 6
Adequacy of dietary intake:
Met > 80% of estimated requirement - 6 patients
Met > 70% of estimated requirement - 3 patients
Met < 70% of estimated requirement — 1 patient
TABLE 3. Nitrogen Balance Data
Patient Intake/Balance (g)*
Number PBD 5 PBD 11 PBD 20 PBD_29
1 9.1/-13.0 12.3/- 4.3 7.5/- 3.5 8.2/+ 0.8
2 13.9/+ 1.8 26.4/+ 3.6 20.2/- 2.1 18.6/— 9.6
3 3.4/-18.9 17.4/+ 0.7 15.8/- 3.5 -
4 3.0/-29.5 19.2/- 7.6 15.0/- 6.4 13.0/- 3.0
5 0.0/-16.0 17.4/- 8.1 12.3/+ 1.2 15.4/+ 3.8
6 0.0/-17.1 3.0/- 7.8 15.8/-11.3 14.2/ -
7 18.7/-29.9 20.0/-18.9 25.9/+ 7.9 32.6/+16.1
8 13.6/-15.3 15.5/-10.5 24.8/+ 5.3 21.9/+ 9.8
9 4.5/-22.6 19.8/-17.2 0.0/-20.3 20.0/+ 9.4
10 6.1/-13.5 23.8/+ 4.9 23.4/-10.1 18.7/+ 2.2
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interrupted for surgery. Seven of the patients demonstrated
neutral or positive balance by the end of the study period.

Regression data for each serum visceral protein versus nitrogen
balance are presented in Figqure 1. Serum transferrin,
retinol-binding protein, and prealbumin showed statistically
significant positive correlations with nitrogen balance, whereas
serum albumin did not. Retinol-binding protein showed the best
correlation of the four proteins measured (r = 0.388), but even
retinol-binding protein would account for only 15% of the observed
variation in nitrogen balance and did not correlate at a level that
could be used for clinical prediction of nitrogen balance.

Stepwise multiple regression analysis was performed to
determine what parameters could best predict nitrogen balance.
Variables tested included age, percentage of the total body surface
area burned, postburn day, nitrogen intake, and serum albumin,
transferrin, retinol-binding protein, and prealbumin concentration.
Nitrogen intake, postburn day, percent total body surface area
burned, and age were identified as the variables that most closely
correlated with nitrogen balance. None of the serum proteins
entered this regression equation. The data plot (fig 2) showing
the regression analysis of observed nitrogen balance on a predictor
developed using nitrogen intake, postburn day, percent total body
surface area burned, and age demonstrated a better correlation (r
= 0.765) for this predictor than for the best serum protein
correlation (r = 0.388). Even so, the calculated predictor
explains less than 60% of the observed variation in nitrogen
balance and is too insensitive for clinical use.

The analyses of the relationship between change in nitrogen
balance and change in serum albumin, prealbumin, retinol-binding
protein, and transferrin showed all four serum visceral proteins to
be poor indicators of changes in nitrogen balance. Nitrogen
balance changes in the positive direction were more accurately
predicted than those in the negative direction (Table 4). Changes
in serum retinol-binding protein, prealbumin, and transferrin had
a better correlation than serum albumin. However, even
retinol-binding protein, which had the highest number of correct
predictions, corresponded to positive nitrogen balance changes in
only 57% of these cases. The percentages of correct positive
balance change predictions for the other proteins were 55% for
prealbumin, 51% for transferrin, and 23% for albumin. Prediction
of nitrogen balance changes in the negative direction was worse.
Percentages of correct positive balance changes were 30% for
prealbumin, 29% for transferrin, 24% for retinol-binding protein,
and 5% for albumin. Thus, the overall efficiencies were less than
50% for each of the four visceral proteins.

322




NITROGEN BAI ANCE GM/M?

.. ‘E e
* o o 3 g . . L)
. ] . . 13 .
Srathecd B e e
‘e ’;,__..L—:-—-—“—‘ 3 o 3 .“4.,.'/1/ . .
—— T8, .0 é /.ﬁ ve . -
e * . : o 2 .
. «® o @ } L]
.. i Z .10 { .. s
* ens * » i g . * )
[ ] i . .
A . Al = 0007 | ; 20 8 . w2 -omu
: 15 2 25 3 35 4 o] 10 20 30 40 50
SERUM ALBUMIN GM/100 ML SERUM PREALBUMIN MG/100 ML

C . W =03 D . R =on
.20 — -20 X
0 2 4 (] 8 o] 60 100 160 200 250 300
SERUM RETINOL BINDING PROTEIN MG/100 ML SERUM TRANSFERRIN MG/100 ML
FIGURE 1.

FIGURE 2.

Nitrogen Dbalance versus serum visceral protein
concentrations. Correlations between nitrogen balance
and serum prealbumin, retinol-binding protein, and
transferrin were statistically significant, but the
large statistical variances demonstrated in these
scatter plots preclude prediction of nitrogen balance
from measures of any of these proteins.
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PREDICTED BALANCE

Nitrogen balance versus nitrogen balance predictor based
on nitrogen intake, postburn day, percent total body
surface area burned, and age. A factor using readily
available variables selected in stepwise multiple
regression analysis as most closely correlated with
nitrogen balance was used to predict nitrogen balance.
The correlation of this predictor with measured nitrogen
balance was better than that for any of the serum
visceral proteins.
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TABLE 4. Prediction of Nitrogen Balance Using Correlation of
Changes in Nitrogen Balance with Changes in Serum
Visceral Protein Concentrations

Correct Predictions*

Serum Visceral Protein + Balance - Balance Efficiency (%) **
Albumin 10/44 1/21 17
Prealbumin 23/42 6/20 47
Retinol-Binding Protein 24/42 5/21 46
Transferrin 22/43 6/21 44

*Correct prediction = change of serum visceral protein in same
direction as nitrogen balance/total number of nitrogen balance
changes. **Efficiency = correct prediction/total nitrogen balance
changes X 100.

DISCUSSION

To use serum protein levels as a basis for nutritional
monitoring in patients with thermal injury, one must recognize
deviations which occur in these measurements secondary to thermal
injury. Serum albumin levels are decreased following burn injury
due to iancreased loss of albumin into the burn wound, although
total albumin synthesis rates are increased (7). Additionally,
serum albumin levels may be affected by treatment measures or by
complications which may occur. For example, exogenous infusion of
albumin may artificially raise the serum albumin concentration.
Serum transferrin is decreased following burn injury and blood loss
or blood tranefusion may further alter this serum level (8).
Decreases in prealbumin and retinol-binding protein have been
described following injury (9). Other proteins such as serum IgG
are lowest within 48 h following thermal injury and subsequently
rise to normal and supranormal levels over a 2- to 4-week period.

Our results demonstrate that none of the serum visceral
proteins that we measured can be used to predict nitrogen balance
in patients with thermal injury. This agrees with Starker et al
(1) who found that serum albumin did not predict nitrogen balance
changes during depletion and repletion with total parenteral
nutrition, and with McCauley and Brennan (12) who found no change
in serum albumin 1levels in cancer patients receiving total
parenteral nutrition. In view of the long half-life of serum
albumin, these changes are not surprising, We had expected that
the shorter half-lives of prealbumin, transferrin, and
retinol-binding protein might make them better indicators of
nitrogen balance in this population. Although we did find
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statistically significant correlations between nitrogen balance and
each of these protein concentrations, their 1large statistical
variances preclude using these measures as proxies for nitrogen
balance. The wide scatter of individual points did not even allow
reliable prediction of whether an individual patient’s nitrogen
balance was positive or negative. These results are consistent
with those of Shenkin et al (9) who found no difference in serum
visceral protein levels in trauma patients receiving supplemental
amino acids compared to those not receiving amino acids.

The attempt to correlate change in direction of nitrogen
balance with change in direction of the serum visceral protein
concentrations was not successful. Fewer than one-half of positive
and negative changes in nitrogen balance were accurately predicted
by corresponding changes in any of the serum visceral protein
concentrations.

Our results show that the serum visceral proteins, which are
expensive to measure, are 1less effective than other readily
available predictors of nitrogen balance. Prices quoted by
commercial laboratories for performing serum visceral protein
assays ranged from $26 to $60 per test for albumin, $26 to $67 for
retinol-binding protein, and $17.50 to $69 for transferrin.
Monitoring serum visceral protein levels on a weekly basis would be
expensive For example, monitoring prealbumin and transferrin once
a week would cost approximately $80/week/patient, using the average
cost based upon quotes from five laboratories. In view of the poor
predictive value of these measures, this expense does not seem
warranted. Moreover, a calculated "predictor" based on use of
nitrogen intake, percent total body surface area burned, postburn
day, and age predicted nitrogen balance between than did serum
albumin, prealbumin, transferrin, or retinol-binding protein
concentrations.

Based upon the results of this study as well as a review of the
current literature, the use of serum visceral |©protein
concentrations as indicators or predictors of nitrogen balance in
thermally injured patients is unwarranted and expensive.
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IL-1 is involved in many inflammatory and infectious responses
and may be elevated in the blood of burn patients. We examined
different methods to measure IL-1 in the blood of burn patients and
rats. Burn sera were fractionated, concentrated, dialyzed, and
tested for IL—-1 activity in a biological assay. Rat serum prepared
in this manner contained IL-1 activity above unburned controls and
human samples were negative. In addition, IL-1 activity was not
detected in human samples tested in an ELISA assay specific for
human recombinant IL-18.

Several attempts were made to insure that substances in plasma

were not interfering with the assays. A recently developed
chloroform extraction procedure was compared to the
fractionation/dialysis method. Chloroform extraction alone

interfered with the ELISA assay in some cases and did not increase
the ability to detect plasma IL-1 beyond that seen with the
fractionation procedure. IL-1 was consistently below detection
limits in untreated plasma or extracted plasma, yet IL-1 added to
the plasma samples could be fully recovered. This suggested that
nothing in the plasma interfered with the assay.

A total of 196 plasma samples from 15 burn patients with a
total body surface area burn ranging from 20-80% were tested for
IL-1 with the ELISA. IL-1 levels above the sensitivity level of
the ELISA were found in only 9 plasma samples from 2 patients.
Thus, IL-1 could not consistently be detected in the plasma of burn
patients at concentrations above the sensitivity limit of the
ELISA.
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INTERLEUKIN 1 (IL-1) ACTIVITY IN THE SERUM
OF BURNED RATS AND THERMALLY INJURED PATIENTS

The monokine IL-1 is a hormone-like polypeptide which 1is
produced during inflammation, infection, and antigenic challenge
(1). 1Its activities include the induction of acute—-phase proteins,
fever, and alterations of endocrine responses, i.e., glucocorticoid
levels (2). These manifestations are also seen following severe
thermal injury, indicating that IL-1 may be involved in eliciting
some burn—associated pathophysiological alterations.

Recently, a methodology has been developed to measure serum
IL-1 activity in a burned rat model (3). It was found that IL-1
activity is significantly increased in the serum of burned rats
compared to unburned control rats. In the present study, we
extended this technique to measure IL-1 in the plasma of burned
patients. We also compared the column fractionation technique to
other IL-1 extraction and detection techniques and chose the
optimal technique to measure IL-1 in patients.

MATERIAL AND METHODS

Animal Model. Fourteen male Sprague-Dawley rats were
anesthetized with sodium pentobarbital (35 mg/kg IP). After
shaving the dorsal area, the animals were exposed to 100°C water
for 10 sec which inflicted a 30% total body surface area
full-thickness burn injury. Ten animals served as unburned
controls. On postburn day 7, all animals were sacrificed by
exsanguination and the sera were stored at -70°C until assayed.

Patient Selection. Fifteen patients with > 20% total bedy
surface area burns were enrolled in the study. All patients were
normotensive and hemodynamically stable after uneventful
resuscitation. The presence of inhalation injury was not an
exclusionary. Blood was drawn into sterile EDTA blood collection
tubes 3X weekly for 6 weeks. The tubes were centrifuged at 3,000
rpm for 20 min and a 1-ml aliquot of the plasma was placed into a
tube and stored at -70°C until assayed.

Fractionation and Dialysis. Serum samples were fractionated on
a reverse-—phase Sephacryl-S—-200 superfine column. The buffer was
RPMI supplemented with 50,000 U penicillin, 50 mg streptomycin, and
50 mM mercaptoethanol. Molecular weight standards in a range from
400-6.5 kD served to determine the fraction in the molecular weight
range of IL-1 (~15 kD). Eight-milliliter factions were collected,
concentrated 8-fold, and concomitantly dialyzed against a
semipermeable membrane with a molecular weight cutoff at 10 kD. The
liquid remaining in the membranes was stored at —-20°C until tested
for IL-1 activity.
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Chloroform Extraction. Lipids have been noted to interfere in
some immunoassays. To assure that this potential interference was
removed, a lipid extraction procedure was performed as previously
described by Cannon et al (1). Briefly, 2 vol of chloroform were
mixed with 1 vol of plasma and vortexed until emulsified. The
samples were centrifuged at 10,000 g for 10 min and the aqueous
phase tested for IL-1 activity.

LBRM Asgay. This biological assay, which measures rat and
human IL-1 act1v1ty, was performed as previously described (4).
Briefly, 5 X 10 LBRM~33-A5 cells were incubated with 100 pul
fractionated and dialyzed rat serum and 0.25 ug PHA After 24 h,
100 pl1 of cell supernatants were added to 2 X 10 CTLL-2 cells and
1ncubated for an additional 24 h. Proliferation was measured by
H-thymldlnL uptake (1 pg/well) during the last 4 h of incubation.

IL-18 ELISA. This double sandwich ELISA detects human IL-18 in
the natural or recombinant form. Its sensitivity range is 20-1,000
pg/ml. A standard curve containing different concentrations of
human recombinant IL-1 (hrIL-1) diluted in either BSA or pooled
plasma from 3 healthy laboratory personnel was used to calculate
IL-1 concentrations of unknown plasma samples. The absorbance at
490 nm was measured with a MR600 microplate reader.

Statistical Analysis. The IL-1 concentrations of patient
samples measured in the ELISA were calculated from a regression of
the standard curve by ANOVA. The same procedure was used for all
calculations.

RESULTS

In order to apply the previously developed assay to human
samples, we repeated the IL-1 measurements in the serum of burned
rats. Sera from burned and unburned rats were fractionated,
concentrated, and dialyzed as described previously. The IL-1
levels in all burned animals were above background as well as in 3
out of 4 control rats (Table 1). When human sera from burn
patients and healthy laboratory personnel were prepared in the same
fashion and tested in the LBRM assay, IL-1 activity was at or below
the PHA background stimulation levels in all samples (Table 2).

To examine whether the serum preparation technique or the
IL-1 assay might be inhibiting the detection of IL-1 in humans, we
first retested B4, B6, Cl, and C3 (from Table 2) in an ELISA
specific for human IL-18. The column on the far right in Part A of
Table 3 shows that all samples were below the detection limit of
the assay.

When we spiked the same samples with 200 pg/ml hrIL-18
before testing in the ELISA, we could fully recover the spike
(Table 3, Part A). This finding indicated that the assay was
working properly and that the serum fractions did not contain
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TABLE 1. Detection of II,-1 Activity from Concentrated/Dialyzed Rat
Serum Fractions by the LBRM Assay?

LBRM Cells Stimulated With H-Thymidine Uptake
Group PHA (ug/ml) IL-1 (U/ml) of CTLL Cells (cpm)

1 March 1989

Unburned - - 10,243
5 - 12,961
- 13.3 17,427
5 13.3 23,523
Burned 5 B12P 23,642
5 B13P 26,677
5 c4® 23,248
5 csP 13,971
8 March 1989
Unburned - - 1,455
5 - 4,068
- 13.3 927
5 13.3 12,728
Burned 5 B6P 9,151
5 B7P 13,221
5 c2b 13,368
5 c3b 16,195

a5 X 10" LBRM cells were incubated with 100 ul rat serum fractions
in the presence of PHA. IL-2 release was measured by 3H—thymidine
uptake of CTLL cells.

bB12, B13, B6, and B7 were serum samples from burned animals and
c4, C5, C2, and C3 were serum samples from unburned control
animals. All serum samples were fractionated and the fractions in
the MW range corresponding to IL-1 were concentrated and dialyzed
before incubation with LBRM cells.
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TABLE 2. Detection of IL-1 Activity from Concentrated/Dialyzed
Human Serum Fractions by the LBRM Assay®

LBRM Cells Stimulated With H-Thymidine Uptake
Group PHA (ug/ml) IL-1 (U/ml) of CTLL Cells (cpm)

14 March 1989

Unburned - - 2,734
5 - 59,820
- 13.3 3,097
5 13.3 99,768
Burned 5 p1P 46,465
5 p2b 18,428
5 p3b 12,734
26 March 1989
Unburned - - 5,877
5 - 8,282
- 13.3 5,309
5 13.3 30,747
Burned 5 p4b 4,826
5 psP 5,956
5 pP6P 4,076
5 c1P 6,730
5 c2b 4,958
5 c3b 5,530

d5 X 107 LBRM cells were incubated with 100 ul rat serum fractions
in the presence of PHA. IL-2 release was measured by 3H—thymidine
uptake of CTLL cells.

bPl, P2, P3, P4, P5, and P6 were serum samples from burned patients
and Cl1l, C2, and C3 were serum samples from unburned control
subjects. All serum samples were fractionated and the fractions
in the MW range corresponding to IL-1 were concentrated and
dialyzed before incubation with LBRM cells.
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TABLE 3. Comparison of Two Serum Extraction Methodologies -

Fractionation—-Dialysis Concentration vs. Chloroform
Extraction?
Serum Spiked with hrIL-1 Recovery Unspiked
Sample (pg/ml) (pg/ml) % Recovery (pg/ml)

Fractionation-Dialysis/Concentration?

C1 200 169.1 84.5 < 20
C3 200 144.1 72.0 < 20
B4 200 238.3 119.2 < 20
B6 200 199.8 99.9 < 20
Chloroform Extraction®
Bgd 50 69.0 88.0 28
B9 20 34.0 54.0 43
B9 100 163.0 114.0 43
B9 200 343.0 144.0 43
Chloroform Extraction and Dialysis®
B10 20 38.0 71.0 26
B.0 50 100.0 131.0 26
B7 100 107.0 107.0 < 20

dSerum samples from burn patients and healthy laboratory personnel
were prepared in different ways and tested for IL-1 activity in an
ELISA.

ba11 samples were fractionated on a G-50 Sephadex column, which
separated IL-1 activity from a higher MW inhibitory activity. The
IL-1 containing fractions were concentrated 8-fold and
concomitantly dialyzed to remove molecules with a MW below 10 kD.
Cl1-B6 were spiked with 200 pg/ml hrIL-1P before fractionation.
€Serum samples were mixed with 2 vol chloroform, vortexed for 5
min, and centrifuged at 10,000 g and the aqueous phase was tested
for IL-1 activity.

Serum samples were spiked with different amounts of rhIL-1B
chloroform extracted, and measured for IL-1 activity.

®pooled serum was spiked with different amounts of rhIL-1f
chloroform extracted, and dialyzed against PA-10 membranes before
tested for IL-1 activity.
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components which bound to free IL-1, thereby masking its active
site.

To compare the fractionation and concentration/dialysis
technique to another serum preparation technique, we extracted
patient sera with chloroform as described in the MATERIALS AND
METHODS section before measuring IL-1 in the ELISA. The right
column of Part B in Table 3 displays the IL-1 concentration
measured. They were not significantly higher than the NSB wells,
indicating that the error in this particular assay was such that 28
or 43 pg/ml of IL-1 were not different from background. When we
spiked the same sera with different amourts of hrIL-18 before
chloroform extraction, the recovery ranged from 54-144%, indicating
that the chloroform extraction introduced a significan’. amount of
error into the assay. Visually, it was noted that residual
chloroform in the samples caused detachment of the primary
monoclonal antibody in some wells of the ELISA plates, altering the
results of those wells. In an attempt to remove the residual
chloroform, we dialyzed the agueous phase of some
chlorofnrm—extracted patient sera. Part C of Table 3 displays
results of three samples prepared in this manner. The recovered
amount of IL-1 in this series ranged from 71-131%. Since the
recovery was not very consistent and the residual chloroform was
destructive to the plastic dialysis membranes, we abandoned this
technique as well.

A recent report in the literature (1) noted the risk of in
vitro release of IL-1 by leukocytes during the serum generation
procedure. We compared IL-1 levels in patient and control sera to
IL-1 levels in plasma. Plasma was prepared using heparin, EDTA, or
EDTA and aprotinin (aprotinin is a serine protease inhibitor). We
could not find a significant difference between the sample
generation techniques (data not shown); but as a precaution against
the induction of monocyte IL-1, we collected plasma samples with
EDTA as anticoagulant for all subsequent patient and control
samples.

The major reason for extracting, fractionating, or
dialyzing serum before measuring its IL-1 activity is to remove
interference of serum or plasma components with the IL-1 assay. To
examine whether the ELISA was susceptible to nonspecific activation
or inhibition by other serum factors, we measured IL-1 in plasma
which had not been fractionated or chloroform—extracted. Table 4
displays results of such an assay. IL-1 could not be detected in
3 control plasma samples and 1 burn patient plasma sample. When
the samples were spiked with different amounts of hrIL-18 before
testing, the recovery ranged from 90-126%, indicating no
interference with hriIL-18 detection. From these results, we
concluded that free IL-1, if present in the plasma of burn
patients, could be measured in the ELISA without prior extraction
or fractionaticn.
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TABLE 4. Recovery of Exogenous rhIL-1 from Human Plasma Tested by
ELISA®

Unspiked Spiked with hrIL-18 IL-1 Recovery

Sample® (pg/ml) (pg/ml) (pg/ml) % Recovery
Cl < 20 50 45.4 90
Cl < 20 200 260.0 130
Cl < 20 1,000 1,129.4 113
Cc2 < 20 50 59.8 120
C3 < 20 50 63.1 126
C3 < 20 500 525.9 105
Bl16 < 20 200 245.0 123

Human plasma generated in EDTA was spiked with hrIL-18 and tested
for IL-1 activity by ELISA.
PC indicates control subjects; B, burn patients.

We have tested 196 plasma samples from a total of 15 burn
patients with total body surface burn sizes ranging from 20-80%
(Table 5). IL-1 was found in 9 plasma samples, 8 of which were
from the same patient. Figure 1 shows the plasma IL-1
concentrations of this patient over a 42-day period. During the
first 21 days postburn, the plasma IL-1 levels measured below the
detection 1limit of the assay. After that time, the IL-1
concentrations fluctuated above the detection limit. This was late
in the recovery period when the patient was apparently
infection-free.

DISCUSSION

The preponderance of evidence suggests that IL-1 is a
central mediator in inflammatory and immune responses. Its
inflammatory nature when injected in vivo and its central role in
the in vitro stimulation of immune cells are well known. Yet, to
date, few investigators have reported the detection of IL-1 in the
circulation of ©patients undergoing inflammatory or immune
responses.

One explanation for the difficulty in measuring circulating
IL-1 is that it is present in minute quantities. Cannon et al (1)
have reported IL-1 levels of 70 pg/ml in serum from normal
individuals using RIA. In contrast, we have been able to measure
endogenous IL-1B8 above background in plasma from only 2 of 15
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TABLE 5. Plasma IL-1 Levels in Burn Patients*

Patient Burn Size Postburn Days Number IL-1 Detection
Number (%) of Samples of Samples (pg/ml)
4 62 8—-48 11 < 20
5 89 10-12 2 < 20
6 24 4-20 8 < 20
7 60 5-47 18 < 20-34
8 59 1-43 18 < 20
9 39 3-45 19 < 20
10 36 2—44 18 < 20
11 62 7-49 19 < 20-22
12 30 1-40 17 < 20
13 44 1-17 8 < 20
14 30 5-40 15 < 20
15 54 2-31 14 < 20
16 32 2-30 13 < 20
18 65 2-23 10 < 20
19 43 2-14 6 < 20
TOTAL NUMBER OF PATIENTS = 15 TOTAL NUMBER OF SAMPLES = 196

*All plasma samples were generated with EDTA and stored at -70°C
until tested for IL-1 activity.

patients using an ELISA assay sensitive to 20 pg/ml. Problems with
false-positives in the RIA (1) may be the cause of the discrepancy
between our results and those in the cited report. We were puzzled
by our failure to measure IL-1 with this more sensitive assay in
patients who had clinical indications of inflammation. The
clinical symptoms of the IL-1 positive patients were not those
which we would have predicted for patients with systemic
inflammation. They were not unusually febrile, had no evidence of
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FIGURE 1. Temporal plasma IL-1 profile of a burned patient.
Plasma IL-1 was measured 3X weekly by ELISA and plotted
over time.

infection, and were well on their way to recovery from their
injury.

Another explanation for our difficulty in detecting circulating
IL-1 is interference with the assay by serum or plasma factors.
Two groups of investigators have claimed to have circumvented this
barrier. IL-1 activity in serum from burned rats was found to be
increased above that from unburned controls (4). The IL-1 activity
was detectable only after the rat serum had been fractionated and
dialyzed to remove interfering substances. No quantitative
measurements were possible with this technique. In the other
report, a chloroform extraction procedure was applied to allow IL-1
detection in normal human plasma by RIA (1).

Our attempts to measure IL-1 in plasma from burn patients using
either of these preparation procedures has failed to reveal IL-1 in
amounts greater than background. We were able to repeat the
measurement of IL-1 activity in burned rat serum by fractionation,
dialysis, and bioassay. We could not detect IL-1 in human burn
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patient serum with this procedure even though we could recover
hrIL-1 which had been added to the serum before fractionation. If
2—endogenous human IL—-1 was masked by other serum substances, they
differed from interfering substances in the rat. A purification
procedure appropriate for human serum or plasma may have to be
devised before we can measure human IL-1 by bioassay.

In our hands, the chloroform extraction resulted in
inconsistent recovery of hrIL-1, which was attributed to disruption
of the protein—coated ELISA plates by residual chloroform in the
plasma. The purpose of chloroform extraction is to remove lipid
from the aqueous phase. Chloroform—-extracted plasma samples from
burn patients did not reveal IL-18 1levels above those Zfrom
unextracted patient plasma. This suggested that lipids were not
interfering with the ELISA.

Our results lead us to conclude that IL-1 is either not
normally present in human plasma or serum at levels above 20 pg/ml
or that substances present in the circulation are masking its
presence. A recent relevant report disclosed that plasma
o,-macroglobulin is capable of binding IL-18 through sulfhydryl
linkage and suggestad a carrier role for a,-macroglobulin in the
circulation (5). An anti-IL-18 monoclonal antibody only partially
recognized IL-1% when bound to @,-macroglobulin. This suggested
that only a portion of the IL-18 molecule was accessible to
anti-IL-18. Sin